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Chapter  3. 


Co'»*/*>UA//c/>r»oO 

nOTOALLT  COBRELATED  BROADBAND  D ADIOLIHH  SYSTEMS. 


§3.1.  General  information 


DOC  = 77110122 


PAGE 


The  present  chapter  is  dedicated  to  one  of  the  possible  forms  of 
broadband  systems  - to  mutually  correlated  communicating  systems.  The 
distinctive  special  feature/peculiarity  of  such  systems  is  the  use  in 
receptor  for  making  a decision  about  the  transmitted  symbol  of 
short-term  crosscorrelation  function  between  the  adopted  sum  of 
signal  and  interferences  and  the  reference  signal.  The  latter  either 
is  regenerated  in  receptor  or  the  information  about  it  is  embedded  in 
the  characteristics  of  matched  filters. 


Mutually  correlated  broadband  radiolink  systems  make  it  possible 
to  most  completely  reali2e  the  advantages*  which  are  inherent  in 
broadband  systems  and,  in  particular,  to  ensure  the  high  correctness 
of  the  transmission  of  information  in  channels  with  multiple-pronged 
propagation.  Is  achieved  this  by  the  separation  of  the  incoming 

ray/beams,  during  which  are  removed  selective  fadings  and  phenomena 
of  echo,  and  by  the  subsequent  addition  of  the  energy  of  separate 
ray/beams  taking  into  account  the  characteristics  of  multi  pie- beam 
characteristics  at  each  given  moment  of  time.  At  the  same  time 
mutually  correlated  broadband  systems  provide  to  the  certain  degree 
and  the  reticence  of  the  transmitted  information,  the  higher  freedom 
from  interference  under  the  influence  of  the  various  kinds  of  the 
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concentrated  interferences,  etc.  The  realization  of  tha  indicated 
advantages  can  be  reached  during  the  correct  construction  of  the 
diagrams  of  the  receptors  of  such  systeas. 


Page  127.  ■; 

? 


For  this  provision  necessary  to  know  how  to  solve  series  of  problems: 


- to  isolate  one  and,  consequently,  also  each  of  the  incoming 
ray/beans; 

- to  supply  requirements  and  to  carry  out  then  with  the 
synchronization  of  the  reference  and  of  received  signals; 

- correct  to  construct,  taking  into  account  the  parameters  of 
■ulti pie-pronged  channel,  the  decisive  schematic  of  receptor; 

- to  rate/estinate  the  freedom  from  interference  of  the  diverse 
variants  of  the  decisive  diagrams,  which  consider  to  a certain  degree 
of  the  characteristic  multiple  beam  characteristics,  which  is 
necessary  for  the  reasonable  selection  cf  receptor  in  each 
communication  channel. 
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All  these  guastions  ate  the  object/subject  of  the  examination  of 
this  chapter. 

§3.2.  Principle  of  the  isolation/liberation  of  one  ray/beam  and  the 
decisive  diagrans  of  single-ray  reception/procedure.  Conditions  of 
the  synchronization  of  received  signals. 

As  a result  of  multiple-beam  characteristics  under  the  practical 
conditions  of  the  conduct  of  radio  communication  for  receptor  affect 

several  electromagnetic  vibrations  with  different  and  random 
amplitudes  and  phases.  To  get  rid  of  the  interference  between  the 
incoming  ray/beams,  i. e. , of  selective  fadings  and  phenomenon  of 
echo,  is  possible,  if  we  achieve  the  purpose  of  isolation/liberation 
in  the  receptor  only  of  one  of  the  incoming  ray/beams. 

“ Let  us  examine,  as  occurs  isolation/liberation  of  one  of  the 
incoming  ray/beams  in  the  ccmmunicating  system,  which  uses  broadband 
signa  Is. 
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As  it  was  established/installed  in  §2.7,  the  necsssiry  stage 
during  processing  received  signal  in  the  decisive  schematic  of 
receptor  is  its  passage  either  through  the  correlator  (Pig.  3.2.1a), 

or  through  the  matched  filter  (Fig.  3.2.1b).  Instantaneous  the  value 
of  output  potentials  of  these  devices  at  the  torgue/moment  of  the 
teraination  of  the  cell/element  of  signal  ace  proportional  to 
short-term  c cosscorrelation  function  between  adopted  x (t)  and 

the  supporting/ref erence  r = 1 ; 2,  by  the  signals: 


* n 


(3.2.1) 


where  T is  a duration  of  the  cell/element  of  signal. 


Page  128, 


Let  was  transmitted  the  signal 


determined  by  expression 
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(1.1.1).  In  the  presence  of  bu It i pie- pronged  propagation  and  with  the 
known  torgue/moaen t of  the  arrival  of  each  ray/beam  the  received 
signal  is  represented  in  the  fora 


— AM + 5(0.0  (3.2.2)  f 

i-i  • 


where  yx 

ray/be 

flue 


• and  A-t  ■ - transaission  factor  and  time  lag  in  i-t  h 

is  a number  of  incoming  ray/beams;  6 (t)  - normal 
.nterf erence. 


After  admission  by  the  diagram  of  the  correlator  of  Fig.  3.2.1a 
received  signal  x (t)  is  multiplied  by  the  reference  signal,  equal 
with  an  accuracy  to  constant  factor  and  synchronized  with  one 

of  the  incoming  ray/beams  *. 


FCOTNOTE  *.  Here  and  throughout  there  ate  in  form  binary  (r  = 1;  2) 
systems  with  active  pause.  ENDFOOTMOTE. 


1 
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Let  us  assune  that  the  time  lag  on  each  ray/beam  is  counted  off  from 
the  torque/moment  of  the  beginning  of  reference  signal,  so  that 
values  relationship/ratio  (3.2.2)  can  be  both  positive  and 

negat ive. 


\ 

I 


pi  <\  • 3 . I . 


PAGE 
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Key;  (1).  Input.  (2).  integrator-  (3).  Output/yield.  (i4).  Reference 
oscillator.  (5).  Hatched  filter-  Page  129. 

If  the  signal  of  reference  oscillator  corresponds  to  the 
transnitted  signal  (is  agreed  with  it),  then  after  multiplication  aiid 
integration  output  potential  of  correlator  at  the  moment  of  time 
T proportionally 


I - 1 


(3.2.3) 


But  if  supporting/reference  and  transmitted  signals  are  not  agreed, 
then  the  output  potential  of  correlator  with  t = T equally 
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+ T/^WZ/(0<^f.  (3.2.4) 

^ 0 


Let  us  examine  the  terms  of  short-term  crosscorrelation 
functions  between  and  C^)  in  {3.2.3) 

(3.2.4)  depending  on  the  value  of  time  lag  ^ • 
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K,m  = -~/zAt-U,)z,V)df, 

^ 0 ^ 


(3.2.5) 


Ey  substituting  in  these  expressions  of  value  ana  Zr{t~^U) 

from  (1.1.1)  and  by  fulfilling  integration,  we  will  obtain: 


R^{Lt,)  — — i A?*cos /co)oAV,  (3.2.6) 
2 

Ri{Mi)  — -~  £ jdrttA,*  cos  (/co)oA^/ + — *?»)•  (3.2.7) 
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We  examine  in  the  beginning  terns  cf  the  type  1 1 is 

not  difficult  to  see  that  value  depending  on  in  no  way  \ 

differs  from  the  autocorrelation  function  of  form  (2.5.7),  i.e.,  the 
dependence  of  the  power  of  t-th  ray/bean  at  the  output/yield  of  the 
correlator,  matched  with  signal  as  function  of  the  relative  time  lag 

’ 

of  the  transmitted  signal  with  respect  to  reference  sigr«il  is  the 
autocorrelation  function  of  the  transmitted  signal. 

Page  130. 

■i 

At  the  uniform  spectral  density  of  the  transmitted  signals  » 

A^rk  — A%=A^r  with  any  k and  j ^ 


i 

J 

FOOTNOTE  1.  Recall  that  this  character  cf  spectral  density  in 
broadband  signals  is  desirable  for  a decrease  in  the  width  of  the 
range  of  powerful  correlation  (decrease  in  the  tine  of  correlation) . 
ENDFOOTNOTE. 


A 
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Then  value  assumes  the  for» 


Rii^ti)  = -~^  .is  cos  I 


^1* 


k.k. 


■ * 

, sin  All*  — 
^ Pci  2 


u?fT  . 

sin  0)0  — 


COS  (OopAf/, 


(3.2.8) 


where 


11*  *»  » 


FT 


2 K — «r, 


- the  power  of  the  signal, 


.gnal,  which 


coaes  in  on  i-th  ray/beai;  iu  = FT  o„  - the  bandeirtth  of  signal ^ 
is  the  aediuB  frequency  of  the  spectrum  of  signal. 


The  exemplary/approxiiate  form  of  the  dependence  R-  on 
with  FT  >>  1 is  shown  in  Pig.  3«2.2a«  The  character  of  a change  in 
the  envelope  (3.2.8)  from  relative  time  of  the  disagreement/mi.snidtch 
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of  the  transmitted  and  reference  signals  when  — is 
shown  in  Fig.  3.2.3 

FOOTNOTE  *.  During  change  limits  - oo  the  envelope 

(3.2.8)  is  function  even  and  periodic  with  period  of  T.  Figure  1.2.3 
shows  the  curve/graph  of  this  function  only  for  one  period. 
ENDFOOTNOTE. 

As  the  parameter  of  curves  are  used  the  different  values  of  the  base 
of  signal  FT.  As  can  be  seen  from  figure,  envelope  has  the 

fundamental  maximum  (range  of  powerful  correlation),  arran ge/1 ocat ed 
about  The  half  of  the  width  of  this  range  is  equal 

approximately  to  time  of  correlation  2"^,  which  composes  value  (see 
§2-  5) 
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Besides  the  fundamental  maximum  the  envelope  has  with  FT  ^ 3 

a series  of  supplementary  maximumSf  arrange/located  in  ranges 
1 T 

and -^  < y-  With  an  increase  in  the  base  of  signal  FT,  i.e., 
with  an  increase  in  the  band  of  signal  frequencies  F with  the 
constant  speed  of  transmission  of  information  (T  = const)  decreaser 
the  width  of  the  range  cf  powerful  correlation  and  descends  the  level 
of  supplementary  maximums.  In  this  case  as  it  was  shown  into  P2.5, 
for  FT  » 1 level  of  the  latter  it  is  considerably  less  than  the 
fundamental  maximum:  greatest  of  the  supplementary  maximums  does  not 
exceed  20o/o  of  the  level  of  the  fundamental  maximum,  and  remaining 
supplementary  maximums  have  even  smaller  value.  Thus,  output 
potential  of  the  correlator,  matched  with  signal,  depends 
substantia lly  on  the  value  of  the  utilized  band  of  frequencies  F. 
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In  usual  narrow-band  conaunicating  systems  band  F is  small,  the  width 
of  the  range  of  powerful  correlation  is  great.  Therefore  output 
potential  of  correlator  will  be  created  not  only  by  ths  signal,  which 
came  on  the  synchronized  ray/bean  but  also  by  the  signals, 

which  cane  on  other  paths  of  propagation  with  time  of 
disagree  me  nt/ mi  snatch  2^^-/  which  are  changed  over  wide  limits.  As  a 
result  of  the  interference  of  such  signals  appear  selective  fadings. 


In  the  case  of  using  broadband  signals  the  width  of  the  range  of 
powerful  correlation  considerably  decreases.  If  we  in  this  case  make 

a band  sufficiently  wide,  then  output  potential  of  correlator  will  be 
created  in  essence  only  by  signal,  which  cane  on  the  synchronized 
ray/bean.  All  other  signals,  which  cane  in  the  ray/beans,  which 
anticipate/lead  that  which  was  synchronized  delaying  relative  to  i^ 

more  than  oa  will  create  on  the  output/yieli  of  multiplier 

only  very  snail  stresses. 
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Let  us  examine  no»  terms  of  the  type  ^ from  (3.2.7),  that 

determine  stress  from  the  incoming  ray/beams  on  the  mismatched 
correlator.  The  exemplary/approximate  form  of  the  dependence  of  va 
from  relative  tine  lag  A/i  the  transmitted  and  reference  signals  on 
the  mismatched  correlator  for  case  FT  >>  1 is  represented  in  Fig. 
3.2.2b.  As  can  be  seen  from  figure,  this  dependence  has  complex,  to  a 
certain  extent  "noise- like”  character.  At  the  tcrque/nomen t of 
reading  it  is  equal  to  zero.  Signals,  that  came  on  other 

ray/beams,  create  stresses  with  t = T,  different  from  zero.  Their 
effect  with  a sufficient  degree  of  accuracy  can  be  approximated  bv 
normal  fluctuating  interference  with  the  uniform  spectrum  in  the  bard 
of  frequencies  F. 


Isolation/liberation  of  one  of  the  incoming  ray/beams  in  the 
system,  which  uses  broadband  signals,  can  be  realized  also  with  the 
aid  of  matched  filters-  Let  the  input  of  the  matched  filter  of  Pig. 
3.2.1b  enter  the  input  signal  x (t),  determined  by  expression 
(3.2.2).  The  pulse  response  of  the  matched  with  signal  Z^(t)  filrer 
takes  the  form 

G{t)=az,{T  — t).  (3.2.10) 

where  a - certain  constant  coefficient.  Then  output  potential  of 


filter  at  certain  moment  of  time  t in  accordance  with  results  is 


A 
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— o»  * 

■^af  xinz,(T-t  + ndt\  (3.2.11).^ 


I 


f 


i 

*.• 


I 


r 


At  the  torgue/moment  of  reading  t = T this  stress  with  an  accuracy  to 
constant  factor  coincides  with  the  value  of  short-term 
crosscorrelation  function  between  received  signal  x (t)  and  the 
expected  signal  2.^  (-^J^ 


I 

I 

I By  substituting  in  (3.2.11)  value  of  x (t)  from  (3.2.2),  wo  will 

I obtain 

i 

\ 

! «/.» {t)  = a i (0  + a 7 5 

i / - t -» 

[ x{T  — t + t')dV.  (3.2.12) 
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where 


/?„(0=  7 z/r-A^)z,(r-t+r)dr.  (3.2.13) 


Second  term  in  (3.2.12)  is  the  result  of  the  effect  of 
fluctuating  interference  ? (t)  on  matched  filter.  First  term  is  the 
response  of  filter  to  the  transmitted  signals,  which  come  in  on 
different  ray/beams.  It  is  the  result  of  the  superposition 
(imposition)  of  responses  R .(■&)  from  each  of  the  incoming  ray/beams 

C- 1 

individually. 


Let  us  examine  in  more  detail  components  of  the  type 

Siac*  tk«  lacoming  signal  is  different  from  zero  only  in  interval 
A^<«r+A(<, 

the  palM  characteristic  of  filter  is  different  from  zero  with 
(+A/<  — T<r</+A(,. 

ThM  from  (3.2.13)  we  obtain 

i 

■ 1 


I 


I 

I 
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t + nt, 

< + A/,  _r 


Let  us  replace  in  this  expression  the  variable  of  integration,  after 
designating  y = T - t ♦ t*.  Then 


R„(t)=  f z,(4')z,(*/  — (3.2.14) 
A'/ 
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By  comparing  expressions  (3.2.14)  and  (2.3.12),  we  come  to 
conclusion  that  the  dependence  /?  • on  r it  is  with  an  accuracy  to 

t' 

constant  factor  the  short-term  autocorrelation  function  of  sig  nal 
Therefore  at  the  uniform  spectral  density  of  the  transmitted  signals 
this  dependence  with  an  accuracy  to  constant  factor  coincides  a by 
the  autocorrelation  function  of  form  (2.5.7).  The  curve/graph  of  its 
envelope  for  case  FT  >>  1 is  shown  in  Fig-  3.2.4a.  As  can  be  seen 
from  figure,  envelope  has  distinct  maximum  as  the  width  of  order  2/F 
with  T = 0. 


The  dependence  of  response 
However,  when  t passes  value  from  0 to 
to  ^-t..  Therefore  the  maximum  of  the 

t 

ray/beam  on  the  output/yield  of  filter 
(see  Fig.  3.2.4a). 


on  t has  analogous  character. 
T,  then  t varies  from 

t 

i 

envelope  of  stress  from  h 
occurs  at  torque/moment  Tf-23/. 


i 


5 

\ 

f 


I 


I 

] 

[ 

5 

) 

! 

I 


i 

f 

I 

i 
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Fig.  3.2.4. 

Key:  (1).  Envelope.  (2).  1-1  ray/beams.  Page  136. 


Thus,  each  of  the  inconing  ray/beaas  creates  at  the  output/yiold  of 
filter  at  the  moments  of  tiae  T+At{,  j=l,  2,  . . n their  maximum  of 

stress.  If  path  differences  between  adjacent  ray/beams  exceed  value 
. 1 

— ~p  » then  these  maximums  are  not  superimposed  one  on  top  of  the 

other  (Fig.  3.2.4b)  and  do  not  interfere,  as  it  takes  place  for 
narrow-band  signals.  By  the  selection  cf  sufficiently  broad  band  F it 
is  possible  to  effectively  divide  the  incoming  ray/beams.  After 
combining  the  t orgue/moment  of  reading  with  one  of  them  (by  the  first 
cr  greatest),  it  is  possible  to  carry  out  a reception/proced ure  only 
of  one  ray/beam. 


By  discussing  analogously,  it  is  possible  to  show  that 
effect  of  the  incoming  ray/beams  during  the  transmission  of 
to  the  filter,  matched  with  another  signal  takes  the 


the 


si  ana  ^ 


fo  r ni 
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where 


. U»Hx(0 S P/^c/(0. 

i- 1 


r + Ar, 

/?ci(0=  / 2,{y  — x)Zi(y)dy. 

All 


(3.2.15) 


Each  term  in  this  expression  is  with  an  accuracy  to  constant 
factor  the  mutually  correlated  function  between  signals  7.  L-6)  and 
/"Hhen  using  broadband  signals  the  dependence  R - on  r has  fairly 
complicated  "noise"  character.  The  graph/diagram  of  this  dependence 
for  the  signals  orthogonal  in  the  intensi  ve  sense  is  similar 
curve/graph,  shown  in  Pig.  3.2.2b,  if  we  along  the  axis  of  abscissas 
instead  of  plot  r.  At  the  moment  of  time  value 


1 
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is  equal  to  zero  and  is  different  fro*  zero  for  the  ray/beams,  which 
co*e  in  at  other  noments  of  ti»e,  i.e.,  output  potential  of  filter  in 
this  case  it  is  created  by  all  ray/beams,  except  that  which  is  taken. 
For  practical  calculations  it  with  a sufficient  degree  of  accuracy- 
can  be  approximated  by  normal  fluctuating  interference. 


Thus,  in  the  communicating  system,  which  uses  broadband  signals, 
appears  the  possibility  of  the  effective  separation  of  the  incoming 
ray/beams  with  subsequent  processing  one  of  them. 


Page  137. 


Therefore  the  decisive  diagrams  of  the  receptors  of  such  systems  can 
be  realized  in  essence  just  as  the  diagrams  of  single-ray 
reception/procedure,  examined  into  §2.7  and  2.8.  In  this  case  is 
feasible  both  coherent  and  incoherent  reception/procedure  with  the 
realization  of  the  decisive  diagrams  either  on  multipliers  (see  Fig. 
2.7.2  and  2.7.4),  or  on  matched  filters  (Figs.  2.8.5  and  2.8.7).  The 
output  voltages  in  the  branches  of  processing  the  indicated  diagrams 
are  proportional  at  the  torque/moment  of  reading  T to  values  , r = 
1;  2,  with  coherent  reception/procedure  and  with  incoherent.  The 
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values  y and  Vl^  in  the  branches,  aatched  with  tha  transmitted 
T ^ 

signal  are  determined  by  the  taken  in  the  synchronized 

ray/beaa  signal  JJ.^Z^('6)  and  fluctuating  interference  6 (t),  but  in 
the  mismatched  branches  - only  by  interference.  The  latter  consists 
of  the  normal  fluctuating  noise  of  the  channel  of 

communication/connection  and  supplementary  noise,  formed  because  of 
the  action  of  other  ray/beams. 

The  important  condition  of  the  isolation/liberation  of  useful 
signal  is  its  synchronization  with  the  signal  cf  reference 
oscillator. 

Let  us  examine  requirements  for  the  synchronization  of  the 
adopted  ray/beam  in  such  diagrams.  Figure  3.2.5a  depicts  to  the 
dependence  of  the  stress  at  torque/moment  t = T at  the  out  put/ field 
of  the  matched  with  the  transmitted  signal  branch  of  processing  in 
the  decisive  diagram  on  multipliers  from  At  - relative 
super imposition  at  time  of  the  adopted  and  reference  signals.  Figure 
3.2.5b  shows  the  dependence  of  the  output  voltage  in  this  branch  from 
the  current  time  t.  To  relative  super impositions  0,  At,,  At? 
correspond  the  values  of  the  output  voltages,  proportional  Xr,  X^^ 

in  the  case  coherent  and  Vr,V^'\  in  the  case  of  noncoherent 
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reception/ procedure. 


As  can  be  seen  from  figures,  the  absence  of  the  synchronism 
between  the  torque/noment  of  the  arrival  of  the  transmitted  sigral 
and  the  beginning  supporting/reference  leads  to  changes  in  the  output 
stresses  at  the  torque/moment  of  reading.  However,  in  the  case  of 
coherent  recept ion/procedure  these  changes  are  more  considerable:  if 

one  and  the  same  superimposition  of  At^  in  incoherent 
reception/procedure  corresponds  value  > which  differs  li^-tle 

from  , then  with  coherent  reception/procedure  it  occurs 


even  a sign  change  of  value  In  the  general  case  the  dependency 

' ji  7r  'I 

on  At  is  oscillating  with  period  where  <^cp  the  mediuin 

frequency  of  the  spectrum  of  the  workable  signal.  Page  138. 
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page  139. 


Essential  change  occurs  when  At  connensur able  with  value  1/F.  In 

order  that  the  indicated  changes  in  values  and  would  bt' 
sufficiently  snail  and  did  not  cause  the  decreases  in  the  freedom 
fro*  interference,  pernissible  the  superiaposition  of  the  workable 
and  reference  signals  must  satisfy  the  following  conditions: 


with  coherent  reception/procedure; 

(3.2.16)' 


with  incoherent  reception/procedure. 


Consequently,  in  the  case  of  coherent  reception/procedure 
synchronization  must  be  realized  with  an  accuracy  to  the  small 

fraction  of  a period  of  the  medium  frequency  of  the  spectrum  of 
signal,  which  in  a number  of  cases  can  turn  out  to  be  hard  to 
produce.  With  the  incoherent  reception/procedure  of  the  condition  of 
synchronization  considerably  they  are  facilitated,  since  7'cp<4-»  The 
accuracy  of  reading  of  the  output  voltages  at  torque/aoman t t = T,  as 
can  be  seen  from  Fig.  3.2.5b  in  diagraas  on  multipliers  it  must  be 
the  order  of  the  portion  of  value  T. 
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Figure  3.2.6  shows  the  dependences  of  output  voltage  from  the 
current  tine  t in  the  diagrams  of  coherent  and  incoherent 
reception/procedure  with  matched  filters.  From  the  figure  one  can  see 
that  in  such  diagrams  of  requirement  for  the  permissible  displacement 
of  fiducial  mark  at  torque/moment”7+<4^*  are  analogous  to  conditions 
(3.2.16) . 


Besides  those  which  were  indicated,  for  isolation/liberation  of 
one  of  the  incoming  ray/beams  in  broadband  systems  can  be  used  other 
versions  of  the  decisive  diagrams,  specifically,  is  possible  the 
construction  of  the  diagrams  both  of  coherent  and  incoherent 
reception/ procedure,  which  is  based  on  the  principle  of  the  so-called 

synchronous  heterodyning. 


Figure  3.2.7  depicts  the  functional  diagram  of  synchronous 
heterodyning  for  the  case  of  the  incoherent  reception  of  binary 
signals.  The  diagram  contains  two  reference  oscillators  (heterodyne), 
the  forming  signals  and  which  must  be  strictly  synchronized 

with  the  workable  ray/beam  and  differ  from  the  transmitted  signals  in 
terms  of  shift/shear  by  the  value  of  intermediate  frequency  ‘"mh  “^npi  “o 


DOC  = 77110122 


PAGE 


and  <i)np2  =^iipj  (oo  respectively. 


Page  140. 


Received  signal  x (t)  enters  two  aultipliers  (nixer),  to  which 
sinultaneously  are  introduced  the  reference  signals  2^^.  The  output 
voltages  of  multipliers  enter  then  the  kinematic  filters  - ducts  of 
the  high  quality,  which  have  the  passhands  of  order  2v/T  and 
resonance  f requeue ies<i^^^  and<st^^_2  r®spect  ively-  For  processing  each 
cell/element  of  signal  the  filters  must  be  equipped  by  the  devices, 
which  make  it  possible  periodically  after  reading  at  torque/niomen  t t 

= T to  instantly  extinguish  the  natural  oscillations  in  them.  Tt  is 
possible  to  show  that  the  output  potentials  of  filters  up  to  the 
torque/ffloment  of  reading  contain  the  only  components  of  intermediate 
f requencies  anda^p^- The  instantaneous  values  of  these 

voltage/stresses  at  the  torque/moment  of  reading  with  an  accuracy  ^^^o 
constant  factor  coincide  with  values  and  amplitude  (envelopes) 

them  - with  values  1/^.  In  the  case  of  the  incoherent  reception  of  the 
amplitude  of  the  output  voltage/stresses  of  filters  they  are  isolated 
by  envelope  detectors  and  they  enter  comparison  circuit,  where 
conducts  the  selection  of  that  signal  for  which  value  is 


more 
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Prom  the  viewpoint  of  the  possibility  of  isolation/li beration  of 

cne  of  the  incoming  ray/beams,  the  freedom  frcm  interference  and  the 
conditions  of  synchron i2ation,  the  examined  diagram  is  completely 

equivalent  to  the  diagrams  of  incoherent  reception  on  multipliers  and 
matched  filters.  At  the  same  time  from  the  comparison  of  Figs.  2.1. a 
and  3.2.7  it  is  evident  that  the  diagram  of  synchronous  heterodyrina 
contains  the  smaller  number  of  functional  subassemblies.  As  concerns 
diagram  with  matched  filters,  the  realization  of  the  filter,  matched 

with  the  signal  of  complex  form,  by  itself  represents  fairly 
complicated  problem.  Therefore  the  use  of  a synchronous  heterodyning 
can  ensure  in  a number  of  cases  of  advantage  during  the  technical 
realization  of  receptors,  especially  during  processing  and  the  useful 
use  of  a series  of  the  incoming  ray/beams.  The  principles  of 
synchronous  heterodyning  found  use  in  the  broadband  communicating 
system  of  the  type  •’Ralce'*,  examined  in  §3.5. 


.-.-Vr-i*' 
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§3.3.  Principle  of  the  use  of  several  ray/beams  and  the  decisive 
diagraiBS  for  a multiple-pronged  reception. 


The  diagtans  of  isolation/liberation  of  one  of  the  incoming 
ray/beams  in  broadband  communicating  systems  make  it  possible  in 
principle  to  get  rid  of  the  effect  of  echo  and  selective  fadings  on 
the  reception  of  signals  in  channels  with  multiple-pronged 
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propagation.  However,  the  correctness  of  the  transnission  of 
infornation  in  such  systeas  is  deternined  only  by  energy  of  one 
workable  ray/beas. 

Page  142. 

At  the  same  time  each  of  the  incoming  ray/beams  includes  useful 
information.  In  connection  with  this  does  arise  the  question:  it  is 
not  possible  whether,  utilizing  knowledge  of  the  structure  of 
mu Iti pie- pronged  signal,  so  to  process  it  in  receptor  in  order  to 
obtain  total  energy  of  entire  signal  and  to  raise  thereby  the 
correctness  of  the  reception  of  information?  Actually  arises  the 
question  concerning  the  construction  of  the  decisive  receiver 
circuit,  in  the  best  way  matched  with  multiple-pronged  signal. 

Answer/response  to  this  question  is  obtained  during  the 
last/latter  decade  in  the  investigations,  made  in  a series  of  Soviet 

and  foreign  works,  for  example  [ 36,  24  ] and  others.  From  these  works 
it  follows  that  optimum  in  the  sense  of  ideal  observer's  criterion 
processing  multiple-pronged  signal  in  receptor  can  be  based  on  the 
use  of  broadband  signals  and  assumes,  in  the  first  place,  the 
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isolation/liberation  of  each  of  the  inconiny  ray/beams  and,  in  the 
second  place,  their  subsequent  addition  in  accordance  with  the 

available  with  data  acquisition  on  the  structure  of  the 
■u  It  i pie- pronged  comaiu  nication  channel. 


For  the  explanation  of  the  principle  of  the  use  several  the 
incoaing  into  the  point  of  reception  ray/beams  let  us  turn  to  diagram 
in  Fig,  3.3.1.  In  this  figure  is  shown  the  decisive  diagram  of  the 
receptor  of  binary  communicating  system,  which  processes  the 
multiple-pronged  signal  of  the  form 


= — 2,  (3.3.1) 

where  Zr{t)  are  the  utilized  for  a transmission  information  broadband 
signals;  n - the  number  of  incoming  ray/beams;  and  - 

transmission  factor  and  the  time  lag  of  I-th  ray/beam;  5(0  “ fh® 
additive  fluctuating  interference.  As  can  be  seen  from  figure,  the 
circuits  of  processing  signals  Z|  (t)  and  Zj  (t)  consist  of  the 
identical  parallel  branches  whose  number  is  equal  to  the  amount  of 
worltable  ray/beams.  Each  branch  is  correlator  and  switchas  on 
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supporting  voltage  generator  p<Zr(<  — A/,),  aultiplier  and  integrator. 
Reference  oscillators  are  synchronized  with  the  appropriate  workable 
ray/beams,  i.e.,  the  beginning  of  the  cell/element  of  the  signal  of 
the  generator,  synchronized  with  the  first  incoaing  ray/beam,  it 
coincides  with  the  delay  tine  in  the  first  ray/beam  Atj,  the  second 
Ju  the  delay  time  in  the  second  ray/beam  Atz  and  in  the,  etc.  Page 
143. 
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Key:  (1).  Circuit  of  processing  signal.  (2).  Reference  oscillator. 
(3).  Comparison  circuits.  (4).  It  will  swell.  (5).  Solution.  Page 
144. 


Subsequently  for  simplicity  let  us  count  off  the  time  lag  of 
ray/beams  in  formula  (3.3.1)  from  the  t or que/moment  of  input  process 
of  the  receptor  of  the  first  ray/beam,  so  that  At^  =0,  and  the 
others  are  different  froe  zero  and  are  positive,  whereupon  is 
satisfied  condition  0<A(2<Alj<.  . 


The  voltages  of  reference  oscillators  and  the  adopted  ray/beams 
enter  the  multipliers,  and  then  the  integrators.  The  work  of 
integrator  in  each  branch  of  processing  is  synchronized  on  time  with 
the  work  of  the  corresponding  reference  oscillator.  Time  of 

integration  is  equal  to  the  duration  of  the  cell/eleaent  of  signal  T. 
At  torque/ moment  T+hU  the  termination  of  the  cell/eleaent  of  the 

Xri 

signal  of  I-th  reference  oscillator  conducts  the  reading  of  voltage*r 
on  the  output/yield  of  I-th  integrator  and  its  supply  into  adder, 
whereupon  the  diagram  of  integration  by  means  of  the  rapid 
jettisoning  of  voltage  is  prepared  for  processing  the  following 
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cell/element  of  signal. 


The  output  voltages  of  the  integrators  of  the  cir::uits  of 
processing  signals  Z|  (t)  and  ('^)  store/add  up  in  adders  and  eater 
the  conparison  circuit.  In  this  diagrao  at  the  aonent  of  tiae  T+Atn 
the  termination  of  processing  the  latter  from  the  coae  ray/beaas  are 
coapared  the  output  voltages  of  the  circuits  of  processing  and  on 
larger  of  then  it  is  accepted  solution  to  the  reception  of  one  signal 
or  the  other. 


The  dialing/sets  of  correlators  in  the  circuits  of  processing 
signal  are  in  essence  the  device,  which  divides  those  which  come  in 
to  luy.  The  isolation/liberation  of  each  ray/beaa  in  this  device  when 
using  broadband  signals  is  based  on  what  the  correlation  function  of 
such  signals  has  very  narrow  range  of  powerful  correlation.  In  §3.2 
it  was  shown,  that  the  correlator,  synchronized  with  any  ray/beam, 
reacts  to  the  incoming  signal  with  the  band  of  frequencies  F only  in 
time  interval  ♦ 1/F  relative  to  the  torque/moment  of  synchronization. 
In  this  case  the  voltage  on  its  output/yield  at  the  torgue/moment  of 
the  teraiamtion  of  the  cell/element  of  signal  is  proportional  to 
value  - short-term  crosscorrelation  function  between  that  which 
is  taken  in  ray/beam  and  reference  signals  (see  Fig.  3.2.5). 
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Consequently,  if  we  select  the  frequency  band  by  the  sa  wide  in  order 
that  value  1/F  would  be  less  than  the  tine  lag  between  ray/beans  and 
to  utilize  a series  of  the  correlators,  each  of  which  was 
synchronized  with  one  of  the  inconing  ray/beaas,  then  it  is  possible 
to  isolate  all  the  inconing  ray/beams.  Of  this  is  the  first 
devdopaent  stage  of  multi  pie- pron  ged  signal  - the  stage  of  the 
isolation/liberation  of  each  of  the  inconing  ray/beans,  of  realized 
in  diagran  in  Fig.  3.3.1  dialing/set  of  correlators. 


Figure  3.3.2  shows  output  potentials  of  the  integrators  of  the 
correlators  any  fron  the  circaits  of  processing  signal.  At  the 
nonents  of  tine  T,  T ♦ Atg,  ...,T+A<n  the  output  potentials  of  the 
correlators  of  the  branches  of  processing  ate  proportional  to 

short-tern  crosscorrelation  functions  Xh  only  between  the  signal  of 
the  corresponding  ray/bean  and  synchronised  with  it  reference 


oscillator 
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Key:  (1).  Only  1-1  ray/beans. 

cay/beaa.  Page  146. 


(2) . Only  2nd  bean. 


(3)  . 


In  the  diagran  in  question  will  be  divided  all  the  incoming 
ray/beans,  if  tine  of  their  tine  lag  satisfies  the  condition 


' (3.3.2) 


As  a result  of  this  separation  is  renoved  the  pileup  effect  of 
the  adjacent  cell/elenents  of  signal  on  each  other,  i.e.,  is  renoved 
the  phenonenon  of  echo.  However,  one  separation  of  ray/beans  still 
insufficiently  for  obtaining  in  the  adders  of  the  energy  of  entire 
nulti  pie-pronged  signal.  For  the  isolation/liberation  of  total  energy 
of  the  incoming  signal  is  necessary  the  second  stage  of  its 
processing  - the  phasing  and  the  amplitude  weighing  of  the  incoming 
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ray/beaas  in  accoc  dance  with  the  available  data  on  the  structure  of 
the  multiple-pronged  communication  channel.  Such  data  are  the  values 
of  the  transmission  factors  and  delay  tine  in  each  ray/bean.  The 
addition  of  values  and  A<i  for  an  I-th  ray/bean  is  realized  in 

Fig.  by  3.3.1  into  the  schematics  of  reference  oscillators  and  is 
conditionally  shown  by  rifleman/pointers.  The  devices,  which 
determine  the  values  fi<  and  in  figure  are  not  shown. 


Let  us  explain  the  sense  of  the  operations  of  phasing  and 
amplitude  weighing.  As  it  was  shown  in  chapter  1,  the  signals,  coning 
in  on  separate  ray/beaas,  ate  characterized  by  the  different  initial 
phases  of  high-frequency  filling,  which  depend  on  the  tine  lag  of 
I-th  ray/beam  A<<,  and  by  the  different  amplitudes,  determined  by 
transmission  factors  pi.  Specifically,  as  a result  of  the  direct 

"disordered”  addition  of  such  signals  appear  selective  fadings. 

It  is  obvious  that  for  using  an  energy  of  entire 
multi  pie- pronged  signal  it  is  necessary  first  of  all,  in  order  that 
the  signals,  which  come  in  on  separate  ray/beans,  would  store/add  up 
with  identical  phases.  Satisfaction  of  this  condition  composes  the 
sense  of  the  operation  of  phasing.  As  it  was  shown  in  §3.2,  the 
absence  of  the  synchronism  between  the  torgue/moment  of  the  arrival 
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of  any  cay/beaa  and  the  beginning  of  the  cell/elenent  of  the  signal 
of  the  corresponding  reference  oscillatcr  can  lead  to  substantial 
changes  in  the  output  voltage  of  correlator  up  to  a change  in  its 
sign  (see  Fig.  3.2.5).  In  order  that  changes  in  the  output  voltage  of 
correlator  would  be  insignificant,  necessary  the  synchronization  of 
reference  oscillator  with  an  accuracy  to  the  saall  fraction  of  a 
period  of  the  wediuB  frequency  of  the  spectrua  of  signal.  In  this 
case  they  speak  about  synchronization  to  accuracy  ”up  to  the  phase  of 
high-frequency  filling  of  signal".  In  diagraa  in  Fig.  3.3.1  phasing 
of  the  workable  ray/beams  will  be  made  when  each  reference  oscillator 
will  be  synchronized  with  the  incoming  ray/beam  up  to  the  phase  of 
high-frequency  filling  of  signal. 


PAGE 
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Page  147. 


In  this  case  the  output  voltages  of  correlators  in  the  circuits  of 
processing  will  be  sinphase  and,  entering  the  adders,  they  store/add 
up  arithmetical,  but  it  is  not  vector  (Fig.  3.3.3).  In  other  words, 
as  a result  of  the  operation  of  phasing  is  realized  the  coherent 
addition  of  the  signals,  which  come  in  in  separate  ray/beans.  It  is 
natural  that  as  a result  of  phasing  completely  is  removed  the 
selective  character  of  fadings. 
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Besides  phasing  optiaua  processing  au Iti pie- pronged  signal 
•ssuaes  also  conducting  the  operation  o£  the  aaplitude  weighing  of 
each  of  the  incoming  ray/beams.  The  target/purpose  of  amplitude 
weighing  lies  in  the  fact  that,  in  order  to  increase  the  energy  of 
entire  workable  signal  with  respect  to  the  spectral  density  of 

fluctuating  interference  and  to  decrease  thereby  the  probability  of 
the  appearance  of  errors  in  communicating  system. 


Of  the  lots  of  the  workable  ray/beams  in  the 

Isolation/liberation  of  total  energy  of  multi  pie- pronged  signal  it  is 

different.  The  role  of  ray/beams  with  large  transnisslon  factors  is 

great*  at  the  same  time  the  ray/beams  with  small  are  located  in 

essence  under  the  effect  of  interferences. 

Page  148. 


The  operation  of  amplitude  weighing  provides  the  best 
Isolation/liberation  most  intense  of  the  adopted  ray/bsams  and 


i 
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attenuates  ray/beams  with  low  tcansnission  factors,  wheraupon  the 

Jt 

weakening  aust  be  the  more  greater,  the  the  less  corrasponding  valu^ 

In  the  sane  way  as  this  occurred  in  matched  filter,  as  a result  of 

amplitude  weighing  as  "are  emphasized"  the  most  intense  "components" 

of  multiple- pronged  signal.  Is  realized  the  operation  of  weighing  by 

means  of  the  multiplication  of  the  output  voltages  of  the 

correlators,  which  enter  the  input  of  adders,  on  the  appropriate 

weight  coefficient  (factor)  m-  lloreover  it  is  indifferent,  at  which 

point  of  correlator  to  realize  is  functional  this  operation;  prior  to 

the  input  of  multiplier  from  received  signal  or  from  reference 

oscillator,  after  multiplier  prior  to  the  input  of  integrator,  after 

integrator.  In  diagram  in  Fig.  3.3.1  amplitude  weighing  is  made  prior 

to  the  input  of  multipliers  from  reference  oscillators  by  means  of 

the  multiplication  of  reference  signals  Zr(t  — Ati)  by  weight  factor 
m- 


The  examined  diagram  explains  the  principle  of  optimum 

processing  multiple-pronged  signal;  however,  its  practical 
realization  for  the  isolation/liberation  of  the  sufficiently  large 
number  of  ray/beams  is  difficult.  Actually,  the  amount  of  incoming 
into  the  point  of  reception  ray/beams  and  time  lag  between  them  they 
depend  on  the  state  of  the  channel  of  propagation  and  randomly  change 
in  time.  For  the  confident  isolation/liberation  of  each  of  these 
ray/beams  it  is  necessary  with  high  accuracy  continuous  in  time  to 
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adjust  slightly  the  synchronization  of  reference  oscillators  to 
strict  preservation/retention/aaintaining  of  identical  phase 
relationship/ratios  both  between  the  reference  oscillators  in  each 
circuit  of  processing  and  between  the  generators  of  the  circuits  of 
signals  zj  (t)  and  zz  (t) . Therefore  the  presence  of  the  sufficiently 
large  number  of  reference  oscillators  and  integrators  with  complex 
individual  timing  mechanisms  makes  diagram  in  Fig.  3.3.1  extremely 
bulky.  The  practical  realization  of  this  diagram  can  turn  out  to  be 
advisable  when  either  the  number  coming  in  or  the  number  of  workable 
most  powerful  ray/beams  relatively  small  and  does  not  exceed 
two- three. 


Optimum  processing  the  totality  of  all  broadband  signals,  which 

enter  the  input  of  receiver  under  conditions  of  multi  pie- pronged 
propagation,  can  be  functionally  substantially  simplified,  if  the 

synchronization  of  each  correlator  is  carried  out,  after  introducing 
time  lag  not  into  the  signals  of  reference  oscillators,  but  into  the 


adopted  ray/beams, 
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The  sense  of  the  introduction  of  this  delay  can  be  explained  as 
follows.  Let  the  input  of  receptor  enter  n of  ray/beams  with 
different  at  tiues  tiae  lag  A/<;  i = 1,  2,  ...»  n.  Let  us  accept  for 
the  zero  time  reference  the  torque/aoment  of  arrival  at  the  receiver 
of  the  first  ray/beau  (At|  =0).  In  the  case  of  diagraa  with  the 
synchronization  of  reference  oscillators  under  each  of  the  incoming 
ray/beaas  the  output  voltages  of  correlators  in  the  branches  of  any 
circuit  of  processing  signal  (Zj  (t)  or  Zj  (t) ) occupy  in  tiae 
consecutive  positions  at  torgue/moments  T,  T &t2,  ...»  T+A^n,  as 

this  is  shown  in  Fig.  3.3.2,  and»  also  consecutively  entering  the 
adder,  they  store/add  up  in  it. 


Let  us  introduce  delay  for  a received  signal  with  the  aid  of  the 
delay  units,  which  stand  at  the  input  of  correlators  in  the  branches 
of  the  circuits  of  processing  signals  Zi  (t)  and  Zj  (t)  (Fig.  3.3.tt). 
moreover  input  multiple-bean  signal  in  the  branch  of  processing  the 
first  ray/beam  let  us  delay  for  a period  Tji=A/n,  in  the  branch  of 
processing  the  second  ray/beaa  - for  a period  t«=A<„  — A/j,  in  I-th 
branch  - for  a period  t,<»A/n  — A^  and  finally  into  the  branch  of 
processing  the  last/latter  ray/beaa  let  us  feed  signal  not  delayed, 
simultaneously  we  synchronize  all  reference  oscillators  at  the 
torgue/aonent  of  the  arrival  of  the  n ray/beaa.  Then  in  the  first 
branch  of  processing  the  synchronized  and  reference  oscillator 
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render/shOHs  the  first  of  the  incoaing  ray/beans,  in  the  second  - the 

second  ray/beaa,  etc  (?ig«  3.3.5).  These  ray/beaas  will  be  isolated 

T + Mn. 

at  the  output/yield  of  correlators  at  one  and  the  sane  moment  of  CTaeV' 
Figure  3.3.5  they  shows  by  solid  lines.  The  unsynchronized  ray/beams 

in  each  branch  of  processing  (Fig.  3.3.5  they  shows  conditionally  by 
dotted  line)  create  on  the  output/yield  of  correlators  only  the 
insignificant  voltages,  which  can  be  set/assumed  by  the  virtually 
equal  to  zero,  if  path  differences  of  ray/beams  satisfy  condition 
(3.3.2)  . 


In  the  case  in  question  the  beginning  of  the  cell/elements  of 
the  signals  of  reference  oscillators  as  in  the  circuit  of  processing 
signal  (t)  , so  also  in  circuit  Zz  (t)  must  correspond  to  the 
torque/moment  of  the  arrival  of  the  last/latter  ray/beam  Ain-  Then 
there  is  no  need  for  for  the  series  of  reference  oscillators  with 


individual  timing  mechanisms,  and  sufficient  to  provide  for  each 
circuit  of  processing  on  one  reference  oscillator  with 
synchronization  at  torque/moment  A/„,  Page  ISO. 

! 
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Key:  (1).  1-1  ray/beans.  (2).  2-1  ray/beans.  (3).  the  i ray/bean. 
(^)  . pi  are  ray/beam.  Page  152. 


Of  course,  in  this  case  the  operation  of  the  weighing  of  the  adopted 
ray/beaas  already  it  is  not  possible  to  realize  by  ault ipl icat ion  of 
the  signals  of  reference  oscillators  of  weight  coefficients 
However,  with  identical  success  the  weighhing  device  can  be  supplied 
at  the  output/yield  of  the  aultipliers  of  the  correlators  of  each 
circuit  of  processing.  Furthermore  as  it  is  not  difficult  to  see, 
time  of  integration  of  the  workable  ray/beams  with  the  method  of  the 
synchronization  of  received  signals  in  all  branches  of  processing  is 
included  within  limits  froa  At„  to  T+Atn.  Therefore,  instead  of 
summarizing  signals  after  separate  integrators,  it  is  possible  to  use 
one  common/general/total  integrator  in  each  of  the  circuits  of 
processing  signals  Zj  (t)  and  Zg  (t)  . For  this  it  is  necessary  to 

change  the  order  of  performance  of  the  operations  of  addition  and 
integration,  which  is  unprincipled,  since  they  are  linear. 


Finally,  as  the  delay  unit  in  the  received  signals  it  is 
expedient  to  utilize  one  delay  line,  which  has  common/general/total 
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input  and  separate  output/yields  for  the  correlators  of  the  circuits 

of  processing  signals  Zg  (t)  and  Zg  (t) . The  reaoval/outlets  of  line 
■ust  be  established/installed  in  order  to  provide  the  values  of  the 

indicated  above  delays  However,  as  already  aentioned,  nuaber  of 

incoming  to  receptor  ray/beams  and  tine  of  their  time  lag  change 
randomly,  which  requires  in  turn,  of  the  random  values  Therefore 
confident  processing  all  indicated  ray/beams  can  be  conducted,  after 
entering  as  follows.  Since  single  correlator  reacts  to  the  incoming 
signal  only  in  time  interval  x VF  relative  to  the  torque/noment  of 
synchronization,  the  range  of  the  possible  tine  lags  incoming 
ray/beams  must  be  overlapped  by  the  series  of  the  correlators,  each 
of  which  is  synchronized  with  a consecutive  increment  in  the  time  lag 
for  value  1/F.  Accordingly  the  delay  line  must  have  a series  of 
output  removal/outlets,  arrange/located  consecutively  through  time 
intervals  1/F.  The  last/latter  removal/outlet  must  provide  the  delay, 
not  less  than  time  lag  Ain  the  last/latter  from  those  which  come  in 
for  input  receiver  of  ray/beams. 


Page  153. 


Thus,  when  using  a delay  in  the  received  signal  the  diagram  of 


optimum  processing  the  multiple- pronged  signal  of  Fig.  3.3.1 
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equivalently  converted  into  the  diagram,  presented  in  Pig.  3.3.6.  As 
can  be  seen  from  figure,  diagram  consists  of  the  line  of  the  delay, 
series  of  correlators  in  the  circuix.s  of  processing  signals  Z|  (t) 
and  Z2  (t)  , the  devices  of  weighing,  adders  (common/genera 1/total 
"busbar"  at  the  output/yield  of  the  devices  of  weighing)  and 
comparison  circuits.  The  delay  line  provides  a delay  in  received 
signals  x (t)  of  form  (3.3.1).  Its  removal/outlets  are  arranged 
consecutively  through  time  intervals  1/P.  The  latter  from 
removal/outlets  corresponds  to  a signal  delay  x (t)  for  a period,  not 
smaller  than  the  time  lag  of  the  last/latter  ray/beam 
characteristic  for  this  channel  of  propagation.  Correlators  in  the 
circuits  of  processing  signals  switch  on  the  series  of  multipliers, 
the  common  for  each  circuit  reference  oscillator,  synchronized  with 
torque/noment  up  to  the  phase  of  high-frequency  filling  of 

received  signal,  and  the  common  for  each  circuit  integrator,  which 
enters  the  signal  from  the  output/yield  of  adder.  The  device  of 
weighing  realizes  multiplication  of  each  of  the  taken  ray/beams  by 

the  weight  factor,  equal  to  the  transmission  factor  of  this  ray/beam. 
Thereby  during  the  release  of  energy  of  entire  multiple-pronged 
signal  are  emphasized  the  most  intense  ray/beams  and  are 
attenuate/weakened  ray/beams  with  small  /<<•  At  the  output/yield  of 
those  re  mo va 1/outlets  of  the  device,  where  the  adopted  ray/beams  are 
absent,  voltage  is  equal  to  zero. 
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Let  us  note  that  during  practical  realization  as  this  will  be 
shown  below,  to  the  device  of  weighing  must  be  entrusted  also  the 
functions  of  the  supplementary  phase  correction  of  the  adopted 
ray/beams.  The  need  for  this  is  caused  by  the  dephasing  of  ray/beans 
due  to  an  error  in  the  installation  of  the  re moval/outlets  of  delay 
line  and  because  the  time  lag  between  ray/beaas  in  real  channel  is 
accurate  not  multiply  to  time  interval  1/F,  although  the  latter  can 
be  selected  by  sufficiently  small. 


The  output  voltages  of  the  integrators  of  the  circuits  of 
processing  enter  the  comparison  circuit,  in  which  at  the  moment  of 
tise  (T+A/n)  on  larger  of  them  is  accepted  the  solution  to  the 
reception  of  signal  Zj  (t)  or  Zz  (t)  . Page  154. 
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Key:  (1).  Reference  oscillator.  (2).  Circuit  of  processing  signal. 
(3).  Device  of  broadcasting.  (4).  Reading.  (5).  Comparison  circuit. 
(6).  Pine  of  delay.  (7).  Solution.  Page  155. 


After  tracing  sequence  of  operations,  executed  by  the  decisive 
diagrams  in  Fig.  3.3.1  and  of  Fig.  3.3.6,  it  is  possible  to  say  that 
both  these  diagrams  realize  coherent  reception  with  the  coherent 
addition  of  the  broadband  signals,  which  came  in  different  ray/beams. 
Of  course,  from  the  viewpoint  of  freedom  from  interference  they  are 
equivalent.  Are  identical  also  requirements  in  these  diagrams  with 
respect  to  the  high  (up  to  the  phase  of  high-frequency  filling  of 
signal)  accuracy  of  the  synchronization  of  reference  oscillators. 
However,  diagram  with  a delay  in  the  received  signal  is  simpler  than 
diagram  with  a signal  delay  of  reference  oscillators.  In  spite  of  the 
increased  number  of  multipliers  and  the  connected  with  this 
complication  of  the  device  of  weighing  in  diagram  with  a delay  in  the 
received  signal  there  is  no  series  of  integrators  and,  which  is 
especially  important,  the  series  of  reference  oscillators  with 
individual  timing  mechanisms. 
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The  examined  decisive  diagrams  explain  the  principle  of  the 
construction  of  the  optimum  in  the  sense  of  Kotelnikov’s  criterion 
(minimizing  the  composite  probability  of  the  error  of  piece-by-piece 
reception)  receptors  for  the  communication  channels  with  normal 
fluctuating  interference  and  sufficiently  slow  changes  in  the  state, 
when  the  values  of  the  transmission  factors  and  initial  phases  of 
signals  in  ray/beams  can  be  measured  and  known  with  reception. 


Is  at  present  a series  of  Soviet  and  foreign  works,  dedicated  to 
the  analysis  of  the  optimum  decisive  diagrams  for  channels  with 
multi-beam  characteristics  with  the  different  volume  of  information 
relative  to  the  parameters  of  these  channels  and  the  different 

character  of  the  affecting  interferences,  specifically,  in  work  [36] 
it  is  indicated  about  the  possibility  of  the  construction  of  receptor 

in  the  form  of  diagram  in  Fig.  3.3.1,  is  given  the  rule  of  the 
solution  of  this  diagram  and  modification  of  device.  In  work  [24, 
chapter  9 ] on  the  base  of  the  equivalent  model  of  multiple-pronged 
channel,  in  which  are  utilized  the  selective  values  of  its  pulse 
transient  function,  obtained  the  rule  of  solution  for  a diagram  in 
Pig.  3.3.6.  Due  to  unwieldiness  these  rules  of  solution  here  are  not 
given.  If  necessary  the  reader  can  use  the  directly  indicated  above 


works 
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Of  course,  the  diagrams  of  coherent  reception  with  the  coherent 
addition  of  the  broadband  signals,  which  came  in  different  ray/heams, 
can  be  constructed  just  as  in  the  case  of  single-ray  reception, 
either  on  the  base  of  matched  filters  or  by  applying  a principle  of 
synchronous  heterodyning.  In  this  last/latter  case  when  using  a delay 
in  the  received  signal  most  simply  it  is  possible  to  combine  the 
operations  of  weighing  and  phasing  of  ray/beams  with  the  measurement 
of  their  transmission  factors. 
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For  explaining  the  aforesaid  let  us  turn  to  Fig.  3.3.7,  in  which 
are  represented  the  version  of  the  examined  above  diagram  with  a 

delay  in  the  received  signal,  the  using  principle  of  synchronous 
heterodyning.  The  diagram  in  Fig.  3.3.7  contains  delay  line  in  the 
series  of  the  removal/outlets  through  intervals  1/F  for  the  circuits 
of  processing  signals  Zj  (t)  and  (t)  - The  total  delay  time  in  the 
line  Tj  is  not  lass  than  the  time  lag  of  the  latter  from  the  incoming 
ray/beams  A/„.  Its  input  enters  the  adopted  multiple-pronged  signal  x 
(t)  of  form  (3.3.1)  with  medium  frequency  f.  The  removal/outlets  of 

line  are  connected  to  the  multipliers  (mixers)  of  the  series  A,  to 
wh  ich  is  supplied  also  the  voltage  from  reference  oscillators  Zi  (t) 
or  Z2  (t)  for  each  circuit  of  processing  signal  respectively.  The 
generators  of  refarence  signals  are  synchronized  so  that  the 
beginning  of  their  cell/element  would  coincide  with  tha 
torque/moment,  whan  on  the  last/latter  output  of  line  render/shows 
the  beginning  of  the  cell/element  of  the  signal,  accepted  on  the 
first  of  the  incoming  ray/beams. 


For  the  realization  of  the  principle  of  synchronous 
heterodyning,  in  the  first  place,  the  reference  oscillators  reproduce 


i 


T 
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the  transmitted  signals  Zg  (t)  and  Z2  (t)  with  medium  frequency  f-Ag, 
i-e,,  with  the  frequency  shift  of  all  their  harmonic  components  with 
respect  to  medium  frequency  transmitted  signals  to  value  4g.  in  the 
second  place,  the  role  of  the  integrators  of  correlators  perform 
kinematic  filters  (see  §3.2).  Then  from  the  last/latter  pair  of  •'-he 
multipliers  of  series  A arise  the  voltages,  which  contain  the 
component  of  frequency  Ag , and  with  instantaneous  values  at  the 
torque/moment  of  reading  (T+Atn),  proportional  to  values  Xru  r = 1;  2 - 
to  the  short-term  mutually  correlated  functions  between 
supporting/reference  and  taken  on  the  first  ray/beara  by  signals. 
Remaining  ray/beams  when  they  delay  relative  to  the  first  more  than 
in  1/F,  will  not  create  on  the  last/latter  pair  of  the  multipliers  of 
the  noticeable  voltage  of  frequency  Ag . Page  157. 
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Fig.  3.3.7. 

Key:  (1).  Circuit  of  processing  signal.  (2).  Kinematic  filter.  (3). 

To  the  cells  of  the  weighing  of  other  rerooval/outlets.  (4)  . 
Supporting/reference  generator.  (5).  Auxiliary  generator.  (6). 
Detector.  (7).  Signal  x (t)  of  frequency  f.  (8).  Delay  line.  (9). 
Measuring  filter.  (10).  Comparison  circuit.  (11).  Reading.  (12). 
Solution.  (13).  Cell  of  weighing.  Page  158. 


However,  each  of  them  on  some  one  of  removal/outlets  will  turn  out 
be  that  which  was  synchronized  with  reference  oscillator  with 
accuracy  not  worse  1/F  and  it  will  create  on  the  appropriate 
multipliers  of  series  A the  voltage  of  frequency  A,  with  t h® 
instantaneous  value,  proportional  to  value  for  this  (I-th) 

ray/beam.  Thus,  all  the  incoming  ray/beams  will  be  divided  after  th 
multipliers  of  series  A. 

However,  the  voltages  in  them  do  not  satisfy  another  the 
condition  of  phasing.  Actually,  for  the  coherent  addition  of  the 
ray/beams  of  the  phase  of  the  voltages  of  frequency  A,  from  each  of 
them  they  must  be  identical  at  the  torque/moraent  of  reading  (T+Mn). 
This  means  that  the  accuracy  of  thf»  synchronization  ot  reference 
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oscillator  with  each  ray/beam  must  be  according  to  coniition  (3.2.1b) 
by  an  order  less  than  value  1/f  or » at  least,  not  worse  than  1/f.  At 
the  same  time  the  ••guaranteed"  accuracy  of  synchronization  after 

passage  by  the  ray/beams  of  delay  line  because  time  of  their  time  lag 
not  multiply  1/F  and  randomly  changes  in  time,  composes  value, 

although  greater  than  1/F  however  substantially  exceeding  1/f.  The 
disturbance/brea);down  of  synchronization  can  be  caused  also  by 
certain  inaccuracy  in  the  installation  of  the  removal/outlets  of 
delay  line. 


Besides  phasing  for  optimum  processing  multiple-pronged  signal 
it  is  necessary  to  perform  an  even  amplitude  weighing  of  each  of  •■he 
incoming  ray/beams:  the  contribution  of  I-th  ray/beam  to  total  energy 

of  the  isolatable  signal  must  be  proportional  to  the  transmission 
factor  of  this  ray/beam  h<.  i.e.,  is  proportional  to  strass  level, 
created  by  each  of  them.  The  voltages  of  the  branches  of  processing 
in  which  the  adopted  ray/beams  are  absent  and  which  are  located  under 
the  effect  only  of  interferences,  must  be  to  the  maximum  degree 
suppress.  Of  the  operations  of  the  weighing  of  the  adoptal  ray/beams 
and  measurement  of  their  transmission  factors  when  using  a 
synchronous  heterodyning  it  is  possible  to  combine  in  tha  weighhirig 
eguipment/device.  This  equipment/device  of  diagram  in  Fig.  3.3.7 
consists  of  the  separate  identical  cells  of  the  weighing  whose  amouri 
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is  equal  to  the  number  of  pairs  of  the  removal/outlets  of  delay  lino. 


Page  159. 

Figure  3.3.7  shows  the  functional  diagram  only  of  cell  of 
weighing,  which  encompasses  the  last/latter  pair  of  removal/outlets. 
This  diagram  is  isolated  in  figure  by  dotted  line.  It  consists  of 
sunnator,  multiplier  (mixer)  V,  measuring  filter  and  multiplier 
(mixer)  b.  The  input  of  the  sumraator  of  cell  enter  the  voltages  of 
frequency  Aj  from  multipliers  A of  the  last/latter  pair  of  the 
removal/outlets  both  of  the  circuit  of  processing  signal  7.  i (t)  and 
circuit  Zj  (t).  This  must  guarantee  the  identical  results  of 
measurement  independent  of  the  available  relationship/catios  bptweer. 
signals  z,  (t)  and  z^  (t)  during  their  transmission.  Since  the 
utilized  signals  are  broadband,  at  the  output/yield  of  summator  we 

have  a voltage  of  frequency  A^,  proportional  to  value 
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where  JCj(0  = Pi z,(f  — '*ii)  + 5(0l  r = 1 or  2 - the  adopted  only  on  the  first 
ray/beaa  signal;  tsi  — A/n  - the  delay  time  in  the  signal  on  the  firs* 
ray/beam.  In  mixer  into  this  voltage  it  mixes  itself  with  the 
oscillations  of  the  auxiliary  sine  wave  oscillator  of  frequency  A?, 
cf  common/general/total  for  all  cells  weighing.  The  fluctuations  of 
the  difference  frequency  of  A^-Ag  are  supplied  to  narrow-band 
measuring  filter.  The  latter  measures  the  value  of  the  correlation 
function  between  Xj  (t)  and  zi(f-Afn)  or  Z2(<—A<n),  proportional  to 
transmission  factor  in  the  first  ray/beam  pi*  In  all  cases  the  value 
of  time  of  integration  T'm  measuring  filter  must  be  not  less  than  *he 
duration  of  the  cell/element  of  useful  signal  T and  not  exceed  the 
value,  which  is  allow/assumed  by  the  rate  of  change  in  the  structure 
of  mu Itiple- pronged  channel  (by  rate  of  the  fluctuations  of  the  state 
of  the  ionosphera)  . The  value  Tm  is  determined  by  the  selection  of 
the  passband  of  measuring  filter.  If  time  cf  integration  in  measuring 
filter  is  selected  by  sufficiently  large,  then  the  voltage  on  its 
output/yield  barely  depends  on  fluctuating  interference  e {^)  and  is 
determined  in  essence  by  the  main  power  of  the  workable  ray/beam. 


Page  160. 


Is  analogous  output  potential  of  the  I-th  measuring  filter,  which 
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processes  the  appropriate  synchronized  ray/beam,  it  is  determined  in 
essence  only  of  with  a power  i-th  ray/beam  (by  value  M<).  hs  concerns 
the  measuring  filters,  which  stand  in  the  reaoval/outlets,  where  no* 
one  of  the  come  ray/beams  did  not  turn  out  to  be  that  which  was 
synchronized,  than  output  potential  of  such  filters  are  virtually 
equal  to  zero. 

Voltages  by  the  frequency  of  Ai-A^,  proportional  to  value  (Xf, 
from  the  output/yield  of  measuring  filters  proceed  to  the  multipliers 
(mixers)  of  b,  to  which  simultaneously  from  multipliers  k will  te 
feed/conducted  the  voltages  by  frequency  Ai  with  the  insta  n^-aneous 
values,  proportional  to  values  Xr{  for  each  I-th  ray/beam.  At  the 
output/yield  of  each  of  the  multipliers  b is  formed  the  voltage  hy 

frequency  A2,  instantaneous  value  of  which  is  proportional  to  the 
product  of  the  output  voltages  of  multiplier  a and  of  the 
corresponding  measuring  filter,  i.  e. , to  value  pfXr,-.  As  a result  of 
this  each  of  the  workable  ray/beams  turns  out  to  be  that  which  was 
suspended  in  accordance  with  its  transmission  factor  (by  power 
level).  Voltages  on  the  output/yield  of  those  multipliars  b,  on  which 
are  absent  the  workable  synchronized  ray/beams,  are  virtually  equal 


to  zero 
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The  phasing  of  the  workable  ray/beaas  in  diagram  in  Fig.  3.3.7 
is  realized  as  a result  of  the  fact  that  the  initial  phases  of  the 
voltages  of  frequency  Aj  on  the  output/yields  of  multipliers  b in  all 
removal/outlets  are  identical  and  coincide  with  the  initial  phase  of 
auxiliary  generator.  Actually,  let  - the  initial  phase  of  output 
potential  of  l-th  multiplier  A,  and  0*  is  a phase  of  the  introduced 
frequency  02  >. 


FOOTNOTE  Recall  that  the  reference  oscillators  must  be 
synchronized  in  the  diagram  in  question  with  the  first  of  the 
incoming  ray/beams  up  to  the  initial  phases  in  the  output/yields  of 
multipliers  A it  appears  as  a result  of  random  change  in  the  time  lag 
of  remaining  ray/beams  and  inaccuracy  in  the  installation  of  the 
removal/outlets  of  delay  line.  ENDFOOTNOTE. 


Then  the  initial  phase  of  voltages  by  the  frequency  of  which 

enter  from  measuring  filters  the  multipliers  $,  is  equal  to  02-  The 

[e<-  (9<-e,)]=e». 

initial  phases  of  output  potentials  of  multipliers  S are  equal  to 
But  02  it  is  the  constant  phase  of  the  voltage  of  the  auxiliary 
generator,  common/general/total  for  all  cells  of  weighing.  Thus,  all 
the  isolatable  ray/beams  are  summarized  in  the  common/general/total 
busbars  of  the  circuits  of  processing  signals  zj  (t)  and  Zg  (t ) with 


1 
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identical  phases. 
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Consequently,  here  is  realized  the  coherent  addition  of  the  adopter^ 
ray/beams.  Fold  thus  voltage  fron  the  busbars  of  the  circuits  of 
signals  Zj  (t)  and  Z2  (^)  ^^nter  the  kinematic  filters,  tuned  to  a 
frequency  A^,  which  screen  other  harmonics.  The  instantaneous  values 
of  voltages  from  the  output/yield  of  filters  enter  the  comparator,  on 

which  at  the  torgue/momen  t of  reading  (T-\-Atn)  on  larger  of  them  is 

accepted  the  solution  to  the  transmission  either  of  signal  Zj  (t)  , or 
Z2  (t).  It  is  not  difficult  to  see  that  in  this  case  conducts  the 
coherent  reception  of  the  signals,  obtained  as  a result  of  the 
coherejit  addition  of  ray/beams. 


With  processing  broadband  multiple-pronged  signal  is  feasible 
also  incoherent  reception  with  the  coherent  addition  of  ray/beams 
[36].  The  in  principle  decisive  schematics  of  the  recaptors,  which 
realize  this  reception,  can  be  constructed  either  on  multipliers  or 
on  matched  filters,  or  with  the  use  of  a synchronous  heterodyning. 
However,  their  practical  realization  at  the  present  time,  apparently. 


t 
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■ost  siaply  can  bs  realized  only  in  the  latter  case. 

In  the  precei ing/pre vious  paragraph  it  was  noted  that  when  using 
[ a synchronous  heterodyning  the  amplitude  (envelope)  of  output 

! potential  of  kinematic  filter  was  proportional  at  the  t org ue/mompn t 

of  reading  to  value  V,  - to  the  value  envelope  short-term 

I , 

; crosscorrelation  function  between  the  adopted  and  reference  Zr(0 

signals.  The  amplitude  of  the  output  voltage  of  filter  can  be 
isolated  with  the  aid  of  detector.  Therefore  if  we  in  diagram  in  Fig. 
3.3.7  at  the  output/yield  of  kinematic  filters  include/con  nect 
envelope  detectors  (as  this  is  shown  in  figure  by  dotted  line),  then 

this  receptor  will  realize  incoherent  reception  with  the  coherent 
addition  of  ray/beams.  Of  course,  requirements  for  the  accuracy  of 

i 

j phasing  during  the  coherent  addition  of  ray/beams  in  it  are  analogous 

^ ! to  requirements  in  diagram  with  coherent  reception.  At  taa  same 

j with  incoherent  reception  significantly  descend  requirements  for  the 

accuracy  of  reading  of  the  voltages  in  comparator.  The  permissible 
instability  of  reading  in  this  case  must  be  by  an  order  lass  than 
L value  T.  For  a coherent  reception  it  must  be  by  an  order  less  than 

l/Aj,  but  I/A2  « T. 

: \ 

i 

li  Page  162. 
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The  decisive  diagran  of  noncoherent  reception  with  the  ooherent 
addition  of  ray/beams  is  reali2ed  in  the  receiver  of  system  "Rake" 
(§3.5). 


It  is  possible  to  construct  also  the  diagrams  of  the  receptior 

cf  broadband  signals,  which  realize  an  incoherent  addition  of  the 
incoming  ray/beams.  Such  decisive  diagrams  are  optimum  for  the  cases, 
when  either  due  to  high  rate  of  fadings  or  due  to  the 
indeterminancy/ uncertainty  of  the  initial  phase  during  transmission, 
or  as  a result  of  the  limited  equipment  possibilities  the 
determination  of  the  values  of  initial  phases  (time  lag  A<i)  and  of 
the  transmission  factors  of  ray/beaas  pi  is  impossible.  As  the 
example,  which  illustrates  the  characteristic  features  of  such 
diagrams,  let  us  give  receiver  circuit  with  the  incoherent  addition 

of  ray/beams  on  matched  filters  [36]. 


In  §3.2  it  was  shown,  which  diffraction  output  potential  of  the 
filter,  matched  with  transmitted  broadband  signal  z,(<),  has  maximums 
for  each  of  the  adopted  ray/beams,  which  are  not  superimposed  one  on 
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top  of  the  other,  if  path  differences  between  adjacent  ray/bea«s 
exceed  value  1/F  (see  Fig.  3.2.U),  At  the  moments  of  time  T+At{  these 
voltages  are  proportional  to  values  V’h  - by  the  envelope  of 
short-term  crossoorrelation  functions  between  the  adopted  in  l-th 
ray/beams  signals  and  "reference"  signals  Zr(0-  For  the  construction 
of  circuit  with  the  incoherent  addition  of  ray/beams  it  suffices  to 
rectify  the  output  voltages  of  filters  in  the  circuits  of  processing 
signals  Zj  (tj  and  Zj  (t)  by  squa  law  detectors,  than  to  accumulate 
the  results  of  detection  in  each  circuit  and  tax  for  comparison 
circuit.  This  is  realized  in  the  binary  diagram  of  the  reception  of 
multiple-pronged  broadband  signals,  presented  in  Fig.  3.3.8.  The 
detected  output  voltages  of  matched  filters  enter  the  summators  - 
reservoir  capacitors.  Each  condenser/capacitor  is  connected  to  the 
diagram  of  detector  at  the  torque/moment  (T  + Atj ) of  tha  termination 
of  cell/element  in  the  first  of  the  come  ray/beams  and  remains  that 
which  was  connected  up  to  torque/moment  (T+A<n)  - the  reception  of  the 
latter  from  the  incoming  ray/beams.  At  the  moment  of  time  (r+,Af„  + e), 
where  0<t^T,  condenser/capacitors  are  disconnected  from  detector 
diagrams  and  rapidly  are  discharged,  being  prepared  for  the  arrival 
of  the  following  cell/element  of  signal. 
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Voltages  from  the  output/yield  of  condenser/capacitors  proceed  *:o  the 
comparing  subtractor,  in  which  at  torque/moment  T+A<„  conducts  the 
reading  of  voltages  and  in  accordance  with  their  sign  is  accepted  the 
solution  to  the  transmitted  signal. 


On  diagram/curves  are  shown  the  voltages  at  the  different  points 
of  diagram  with  the  reception  of  the  sequence  of  signals  Zi,  7.^,  z,. 
It  is  not  difficult  to  see  that  the  diagrams  of  the  incoherent 
addition  of  ray/beams  as  compared  with  the  diagrams  of  coherent 
addition  differ  in  terms  of  simplicity,  specifically,  in  them 
considerably  less  stringent  requirements  for  the  synchronization 
receiving  and  transmitters. 
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Pig.  3.3.8. 


Key:  (1).  Summator.  (2).  Matched  filter.  (3).  Square  law  detector. 

(4).  Input.  (5).  solution,  page  164. 


However,  the  replacement  of  coherent  addition  incoherent  lowers  the 
freed  cm  from  interference  of  communicating  system,  which  with  high 
contemporary  requirements  for  the  correctness  of  the  transmission  of 
information  can  turn  out  to  be  in  a number  of  cases  unsatisfactory. 
Let  us  note  also  that  the  construction  of  the  filters,  matched  with 
broadband  complex  form,  represents  fairly  complicated  technical 
problem. 


The  application/use  of  broadband  signals  as  it  follows  from 

preceding/previous,  makes  it  possible  to  raise  the  reliability  of 
radio  communication  in  channels  with  multiple-pronged  propagation  ly 
means  of  the  useful  energy  storage  of  the  incoming  in  separate  heams 
of  signals.  In  this  case  is  removed  the  harmful  effect  of  selective 
fadings  and  phenomenon  of  the  echoes,  especially  characteristic  for 
short-wave  radio  channels. 
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Depending  on  the  a priori  information  about  the  parameters  of 
the  multiple-pronged  channel  (time  lag,  the  transmission  factors  of 
ray/beams)  or  of  the  possibilities  of  the  measurement  of  these 
parameters,  which  in  the  final  analysis  is  determined  by  the  state  of 
■ulti pie-pronged  channel  and  by  contemporary  technical  capabilities, 
it  is  possible  to  construct  the  different  diagrams  of  the  reception 
of  mu Itiple- pronged  signals.  The  manifold  of  such  diagrams  is 
illustrated  with  the  aid  of  the  diagram  of  Fig.  3.3.9.  At  present  in 
Soviet  and  foreign  literature  appears  the  increasing  number  of  works, 
dedicated  to  the  investigation  of  the  questions  of  effectiveness  and 
practical  realizability  of  such  systems. 


Some  results  according  to  a comparative  evaluation  of  the 
freedom  from  interference  in  this  chapter  of  the  mutually  correlated 
systems  of  broadband  communication/connection  in  question  and  on 
their  practical  realization  for  short-wave  charnels  are  examined  in 
the  subsequent  paragraphs. 


§3.4.  Freedom  from  interference  of  broadband  mutually  correlated 
sy  ste  ms. 
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Let  us  produce  a comparative  evaluation  of  the  correctness  of 
the  transmission  of  the  discrete  information  of  the  examined  in  the 
preceding/previous  paragraphs  broadband  mutually  correlated  systems. 
\s  the  measure,  which  characterizes  the  freedom  from  interference  of 
such  systems,  let  us  utilize  a composite  probability  of  error  with 
the  piece-by- piece  reception  of  the  transmitted  report/communica t ion 
(see  §2.7.),  or  simply  the  probability  of  error.  In  this  case  we  will 
be  restricted  to  the  analysis  of  binary  systems  with  the  active 
pause,  which  include  virtually  the  majority  of  the  systems  of 
military  radio  communication-  Page  165- 
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Fig.  3.3.9. 

Key;  (1).  Decisive  diagrams  of  processing  multiple- prongad  signal. 

(2).  With  the  coherent  addition  of  ray/beams.  (3).  Hith  the 
incoherent  addition  of  ray/beams.  (4).  Coherent  reception.  (5)  . 

Incoherent  reception.  (6).  On  multipliers.  (7).  On  matched  filters. 
(8).  With  use  of  synchronous  heterodyning.  Page  166. 

The  a priori  probabilities  of  the  transmission  of  signals  Zj  (t)  and 
Z2  (i)  set/assume  known  and  equal  As  concerns  the  character 

of  the  noise,  which  enters  from  the  communication  channel  to  the 
input  of  receptor,  let  us  consider  it  normal  fluctuating  noise  with 
the  uniform  in  the  band  of  frequencies  of  received  signals  spectrum 
(normal  white  noise) . 

Let  us  pause  at  first  at  the  broadband  systems  of  single-ray 
reception.  As  it  was  shown  in  §3.2,  the  decisive  diagrams  of  the 
receptors  of  these  systems  are  realized  analogous  with  tha  optimum 
according  to  Kotelnikov  receivers  for  channels  with  fluctuating  noise 
and  the  single-ray  emission  of  the  signal.  Therefore  for  the  mutually 
correlated  broadband  systems,  in  which  is  processed  only  one  of  the 
incoming  ray/beams,  are  valid  the  relationship/ratios  according  to 
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the  estiaate/evaluation  of  the  freedom  from  interference  of  such 
optimum  receivers,  given  in  §2.7.  Then  in  the  absence  signal  fading 
in  the  workable  ray/beam,  i.e. , with  the  constant  transmission  factor 
of  this  ray/beam,  the  probability  of  the  error  in  the  case  of 
coherent  and  incoherent  reception  is  determined  by 
relationship/ratios  (2.7.17),  (2.7.19)  and  (2.7.23). 


Figure  3.4.1  depicts  the  constructed  according  to  these  formulas 
dependences  of  the  probability  of  the  error  on  value  ~ 

ratio  of  the  energy  of  signal  in  the  I-th  workable  ray/beam  to  the 
spectral  density  of  fluctuating  interference  v®.  curve  1 corresponds 
to  the  case  of  the  coherent  reception  of  the  nonfading  opposite 
signals,  curve  2 - the  coherent  reception  of  orthogonal  signals, 
curve  3 - the  incoherent  reception  of  orthogonal  (in  the  "intensive 
sense")  signals.  As  is  evident  from  figure,  the  curves  of  the 
probabilities  of  errors  monotonically  decrease  (freedom  from 
interference  of  communicating  system  monotonically  grow/rises)  with 
the  increase  in  the  ratio  of  the  energy  of  signal  to  the  spectral 
density  of  fluctuating  interference.  In  this  case  the  knowledge  and 
account  with  the  reception  of  the  initial  phase  of  high-frequency 
filling  of  signal  (coherent  reception)  makes  it  possible  to  obtain 
the  higher  probability  of  the  transmission  of  information.  On  the 
other  hand,  the  same  probability  of  error  is  reached  for  coherent 
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Fig-  3.4.1, 


Key:  (1  coherent  reception,  opposing  signals.  (2)  . 

Coherent  reception,  orthogonal  signals.  (3).——  incoharent 


reception. 
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Page  168, 

At  present  in  the  transmission  systems  of  discrata  information 
are  presented  very  high  requirements  for  the  correctness  of 
reception.  The  probabilities  of  errors  in  this  case  must  be  less  than 
Prom  Fig.  3.4.1  it  follows  that  the  energy  loss  in  the 
case  of  incoherent  reception  and  with  such  high  requirements  for  the 

correctness  of  the  transmission  of  information  composes  value  of 
approximately  4 as  in  comparison  with  the  coherent  reception  of 
opposite  signals  and  not  more  than  1 dB  ( 15o/o)  in  comparison  with 
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the  coherent  reception  of  orthogonal  signals.  However,  coherent 
reception  imposes  heavy  demands  on  the  accuracy  of  tha 
synchronization  supporting/reference  and  received  signals  (see  ^3.2). 
Hith  incoherent  raception  these  requirements  are  significantly  below. 
Therefore  in  a number  of  cases  can  turn  out  to  be  more  aivisable  the 
use  of  an  incoherent  reception.  In  this  case  the  decrease  in  the 
correctness  of  reception,  caused  by  the  nonutilization  of  the 
information  about  the  initial  phase  of  signal,  can  be  compensated  for 
by  certain  increase  in  the  power  of  signal,  which  for  orthogonal 
signals  will  be  small. 

In  practice  during  processing  I-th  from  the  incoming  ray/beaais 
sufficiently  frequently  are  encountered  the  cases,  when  the  signal, 
which  enters  in  this  ray/beam,  is  subjected  to  fadings,  which, 
however,  bear  common  character.  This  character  of  fadings  is 
determined  by  the  fact  that  each  I-th  ray/beam  is  the  beam  of 
elementary  ray/beams  (microray/beams)  with  random  amplitudes  and  at 
times  time  lag,  much  smaller  than  value  1/F,  where  F is  a band  of 
frequencies  of  the  utilized  signals. 

As  a result  of  common/general/total  fadings  the  incoming  in  I-th 
ray/beam  signal  differs  from  that  transmitted  by  random  transmission 
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factor  For  tha  analysis  of  the  freedom  from  interference  of  the 

broadband  transmission  systems  of  discrete  information  unier  these 
conditions  it  is  necessary  to  know  the  laws  of  the  probability 
distribution  of  random  variable  m-  In  this  case  in  accordance  with 
the  character  of  its  laws  of  distribution  distinguish  the  Rayleigh 
and  generalized  Rayleigh  (qua.si-Rayleigh)  fadings.  Rayleigh  fadings 
are  characterized  by  the  fact  that  the  transmission  factor  has  the  ■ 

one-dimensional  probability  density,  which  is  subordinated  to 
Rayleigh  law  (see  §2.6).  ^ 

\ ,1; 

i Page  169.  j 

I i 

[ ii 

with  the  generalized  Rayleigh  fadings  one-dimensional  probability 
density  satisfies  the  generalized  Rayleigh  distribution: 

I"?  + v-li 

^>0. 


v-li 


P*0. 
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The  onset  of  the  generalized  Rayleigh  fadings  during  ionospheric 
radiovave  propagation  can  be  explained  by  the  fact  that  along  with 
the  diffuse  scattering,  which  forms  fluctuating  part  of  the 
transmission  factor  (P4it).  occurs  the  mirror  reflection,  which 
determines  it  regular  are  frequent  (ppO-  In  certain  cases  the 
formation/education  of  the  regular  component  of  transmission  factor 
can  occur  due  to  the  presence  of  the  d itec t/straight  passage  of 

ray/beam  along  the  surface  of  the  Earth  into  the  point  with  time.  It 
is  obvious  that  Rayleigh  fadings  are  the  special  case  of  the 
generalized  Rayleigh  fadings,  when  Pp<»<0. 
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In  the  range  of  the  average  and  short  waves  the  Rayleigh  and 
generalized  Rayleigh  fadings  are  encountered  approximately  equally 
frequently.  In  the  range  of  ultra  short  waves  during  remote 
ionospheric  and  tropospheric  propagation  predominate  Rayleigh 
fadings,  and  during  near  propagation  - the  generalized  Rayleigh  wi^h 

the  sharply  pronounced  regular  component. 


In  the  case  of  incoherent  single-ray  reception  and  with  the 
generalized  Rayleigh  fadings  the  probability  of  the  error  in 
broadband  system  is  equal  to  [ 36] 


k‘h 
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(3.4.1) 


where  k^=~  - relation  regular  and  that  which  fluctuate  the 

coaponents  of  transmission  factor  p<. 
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Hence  it  follows  that  with  the  Rayleigh  fadings,  which  are 
characterized  by  the  absence  of  the  regular  component  of  transmission 
factor  (jApi=0,  and  consequently,  k = 0)  , the  probability  of  the  error 
of  piece-by- piece  incoherent  reception  is  determined  by  the 
tela  tionsh i p/ra  ti o 
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(3.4.2) 


Page  170. 

In  the  absence  of  fadings  (^*<='0,  k-*-oo)  foraula  (3.4.1)  passes  in 
(2.7.23)  . 

Figure  3.4.1  gives  the  dependences  of  the  probability  of  error  p 

on  the  aean  statistical  value  of  the  ratio  of  the  energy  of  signal  in 
the  workable  ray/beam  to  the  spectral  density  of  the  fluctuating 

interference  hh,  constructed  according  to  (3.4.1)  and  (3.4.2).  C«rvp> 

i 

4 corresponds  to  case  kz  = 10,  curve  5 - to  case  k2  = 5 and  curve  f - 
to  case  k*  = 0.  Let  us  note  that  the  curve  3,  constructed  according 
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to  (2. 7.23)  • corresponds  to  case  A* ->oo. 


In  the  case  of  coherent  reception  and  generalized  Rayleigh 
fadings  it  is  impossible  to  determine  the  probability  of  the  error  in 
tke  locked  fora.  However,  in  the  particular  case  of  Rayleigh  fadings 
•ith  Aoi>  1 it  is  equal  to 


(3.4.3) 


The  dependences  of  the  probability  of  error  with  coherent 
single-ray  reception  and  Rayleigh  fadings  are  shown  in  Fig.  3.4.1. 
Curve  7 corresponds  to  the  application /use  of  opposite  signals  = 

2),  while  curve  8 - to  the  case  of  orthogonal  signals  (y^  = i)  , ^s 
can  be  seen  from  figure,  the  presence  of  common/general/total 
Rayleigh  fadings  sharply  makes  the  freedom  from  interference  of  the 
single-ray  reception  of  broadband  signals  worse.  The  probability  of 
error  in  this  case  both  in  the  case  of  incoherent  and  coherent 
reception,  it  proves  to  be  to  inversely  proportional  value  hoi  unlike 
channel  without  fadings,  where  dependence  of  p on  hoi  is  close  to 
exponential.  Therefore  with  Rayleigh  signal  fading  in  the  workabl*> 


DOC  = 77140122 


PAGE  ^ 


decreases  the  desired  values  hj  for  obtaining  small  probabilities  of 
errors-  For  example,  already  in  the  relation  of  squares  regular  and 
fluctuating  component  = 5 required  for  p = lO*^  value  hoi  is  equal 
to  500,  but  with  k*  = 10  it  composes  value  80-  Thus,  the  presence  of 

the  generalized  Rayleigh  fadings  considerably  improves  the  conditions 
of  reception. 


Let  us  note  also  that  application/use  of  a coherent  reception 
and  orthogonal  signals  in  all  examined  above  cases  does  not  give 
energy  gain  more  than  3 dB. 


During  processing  one  of  the  ray/beams  of  the  incoming 
multiple-pronged  signal,  it  is  necessary  to  consider  the  interference 
of  the  remaining  nonprocessed  ray/beams.  However,  in  the  case  of 
using  broadband  signals  with  base  FT  >>  1 decrease  in  the  correctness 
of  reception  from  the  interference  of  these  ray/beams  can  be  very 
small . 


In  §3.2  it  was  established/installed  that  all  ray/beams,  except 
that  which  is  taken,  operate  on  receiver  approximately  just  as 
supplementary  fluctuating  interference  with  the  uniform  spectrum  of 
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the  band  of  frequencies  F and  with  a power,  equal  to  the  sum  of  their 
power.  Usually  in  the  range  of  short  waves  the  number  of  ray/beams, 
commensurable  according  to  power  with  fundamental,  does  not  exceed 
two-three.  Then  in  order  that  the  energy  loss  because  of  the 
interference  of  the  nonprocessed  ray/beams  would  be  not  rao^'e  than 
three  or  four  times,  sufficient  to  provide  the  value  of  base  ft  with 
required  order  of  magnitude  h]  [36].  In  the  absence  of  fadings  or 
under  conditions  of  the  most  characteristic  for  a singls-ray 
reception  broadband  signals  of  quasi-Rayleigh  fadings  the  required 
value  hi  does  not  exceed  several  dozen  or  hundreds. 


Page  172. 

This  value  for  tha  base  of  broadband  system  is  technically  completely 
possible  (see  §3.5). 

Let  us  turn  now  to  the  analysis  of  the  freedom  from  interference 
of  the  diagrams  of  optimum  processing  multi  pie- pronged  broadband 
signal.  As  it  was  shown  into  §3.3,  such  receptors  give  off  energy  of 
entire  incoming  mu  Itiple- pronged  signal  and  because  of  this  must 
provide  considerably  higher  freedom  from  interference,  than  the 
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diagrams,  which  process  only  one  of  the  incoming  ray/beaais.  Let  us 
propose  at  first  that  signal  fading  in  ray/beams  are  absent.  Let  us 
introduce  into  examination  value  h»  - the  ratio  of  total  energy  of 
the  adopted  aultip le- pronged  signal  to  the  spectral  density  of 
fluctuating  interference,  equal  to  the  sum  of  values  h]  from  all  n 
of  the  adopted  ray/beams: 


(3.4.4) 


If  the  input  of  receiver  enter  the  ray/beams  of  approximately 
identical  intensity,  whereupon  h*  - the  ratio  of  the  energy  of  signal 
to  the  spectral  density  of  fluctuating  interference  in  each  of  them, 
then 

b!  = nh*.  - f3.4.5^ 

Let  also  T„  - effective  time  of  the  measurement  of  tha  parameters  of 
medium  (transmission  factors  and  initial  phases  of  ray/beams),  that 
considers  the  prehistory  of  the  measurement  of  the  parameters  to  the 
given  torque/momen t of  reading,  but  T - the  duration  of  the 
cell/element  of  signal,  at  end  of  which  is  accepted  the  solution  to 
the  transmission  of  the  corresponding  version  of  signal  ». 
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FOOTKOTE  ».  In  ths  diagram  of  processing  multi  pie- prongsi  signal 
(Fig.  3.3.7)  the  time  of  the  measurement  of  the  parameters  of  medium 

is  time  of  integration  of  measuring  filter  in  each  cell  of 
eguipment/de vice  of  weighing.  ENDFOOTNOTE. 


Let  us  designate  the  relation  of  these  values 


8 


(3.4.6) 


The  probability  of  the  error  in  diagrams  with  the  coherent 
addition  of  the  incoming  ray/beams  and  coherent  reception  for 
arbitrary  n was  investigated  in  report  [45]. 
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Virtually  interesting  are  the  cases  6-*-oo  and  & -►  l(r„— 7), 

The  case  6 — - corresponds,  for  ezaaple,  to  situation,  when  tine 
of  integration  in  the  neasuring  filters  of  the  cells  of  weighing  in 
diagram  in  Fig.  3.3.7  many  times  exceeds  the  duration  of  the 
cell/element  of  signal.  Consequently,  the  effect  of  fluctuating  noise 
on  the  accuracy  of  the  measurement  of  the  values  of  transmission 
factors  in  ray/beams  and  to  the  accuracy  of  the  phasing  of  ray/heairs 
is  negligible.  For  6 — ^ • the  orthogonal  transmitted  signals  the 
probability  of  the  error  in  system  with  the  coherent  addition  of 
ray/beams  and  coherent  reception  is  equal  to 


P<">  = Y[1— (3.4.7) 


where  <l>(x)  - the  function  of  Kramer  (probability  integral). 


If  the  input  of  receiver  enter  the  ray/beams  of  identical 
intensity,  then,  by  taking  into  account  (3.4.5),  we  will  obtain  the 
following  expression  for  the  probability  of  the  error: 
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(3.4.8) 


With  n = 1,  this  formula  coincides  with  formula  (2.7.19),  which 
corresponds  to  the  reception  of  one  ray/beara  with  a priori  known  by 
the  transmission  factor  and  by  the  initial  phase  with  the  orthogonal 

transmitted  signals. 


in  Fig.  3.4.2  are  constructed  according  to  formula  (3.4.8)  the 
curves  of  the  dependences  of  the  probability  of  error  p on  h^  for 

one,  two  and  four  workable  ray/beams  (dotted  curves).  From  the  figure 
one  can  see  that  the  energy  storage  of  ray/beams  proviles 
substantially  higher  freedom  from  interference  as  compared  with  the 
case  of  single-ray  reception  (n  = 1)  . Energy  gain  when  using  total 
energy  of  multiple- pronged  signal  with  the  approximately  identical 
intensities  of  separate  ray/beams  directly  proportional  to  the  amount 
of  the  incoming  ray/beams  n. 
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In  the  case  6 — ^ 1,  ti»e  of  the  neasureoent  of  the  param^tprs 

of  BU It i pie- pronged  signal  7’™  becomes  commensurable  with  to  the 
duration  of  cell/element  T.  A decrease  in  value  Tm  can  be  caused 
either  by  an  increase  in  the  velocity  of  the  fluctuations  of  the 
state  of  the  ionosphere  (signal  fa  ling) , or  with  design 
considerations  during  the  production  of  measuring  filters  it  leads  to 
a decrease  in  the  accuracy  of  the  measurement  of  the  values  of 
transmission  factors  in  ray/beams  and  in  their  phasing. 
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This  unavoidably  must  be  reflected  in  the  freedom  from  interference 
of  the  system  of  coherent  reception  in  question  with  the  coherent 
addition  of  ray/beams. 


With  6*1  and  the  number  of  ray/beams  n 2 expression  for  the 
probability  of  the  error  in  system  with  coherent  addition  and 
coherent  reception  takes  the  form 


DOC  = 77140122 


PAGE 


Page  175. 


Hence,  in  particular,  we  have  the  following  formula  during  processing 
two  ray/beaws  (n  = 2)  : 


(3.4.10) 


In  the  case  of  processing  one  ray/beam  (n  - 1)  and  6-1  probability 
of  the  error 


(3.4.11) 


In  Fig.  3.4.3  according  to  formulas  (3.4.10)  and  (3.4.11)  are 
constructed  the  dependences  of  the  probability  of  error  p on  the 
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ratio  of  the  energy  of  signal  to  the  spectral  density  of  the  ] 

1 

fluctuating  interference  h*  for  the  inccning  ray/beams  of  identical  ] 

intensity  and  ft=l  (Tm=T).  Tot  a comparison  in  this  same  figure  are 
given  probability  curves  of  error  for  n = 2 and  6 — > 6 = 2.5, 

and  also  for  n = 1 and  6-»-oo  ; 6 * 0.25  [45].  As  can  be  seen  from 

figure,  a decrease  in  value  6,  i,e.,  a decrease  in  the  time  of  the  ' 

■easurement  of  the  parameters  of  multiple-pronged  signal  I’m  in  ’ 

comparison  with  the  duration  of  the  cell/element  of  signal  T,  causes 
deterioration  in  the  freedom  from  interference  of  the  system  of 
coherent  reception  with  the  coherent  addition  of  ray/beams.  »loreover 
decrease  6 more  sharply  manifests  itself  with  an  increase  in  the 
number  of  workable  ray/beams.  Actually,  for  p :^10**  with  n = 1 
transition  from  6 ^ « to  6 = 1 is  connected  with  energy  loss  in  1 

dB,  i.e.,  is  very  insignificant.  However,  with  n = 2 transition  from 
6 — ^ - to  6 = 2.5  and  further  to  6 = 1 is  connected  for  the  same 

probabilities  of  the  errors  with  an  increase  in  the  energy  loss  into 
0.6  and  1.6  dB  respectively.  Let  us  note  that  a decrease  in  th<=>  time 
of  the  measurement  of  the  parameters  from  6 — ^ - to  6 = 1 at  n = 5 
and  n = 10  is  connected  already  with  very  essential  gain  on  the  order 
of  5 and  7 dB  respectively  [45].  From  Fig.  3.4.3  also  it  follows  that 
a decrease  in  the  time  of  measurement  Tm  to  the  values  smaller  than 
the  duration  of  the  cell/element  of  sigmnl  T,  is  inexpedient,  since 

this  leads  to  a sharp  decrease  in  the  freedom  from  interference.  Fcr 
example,  with  n = 1 and  6 = 0.25  (dotted  curve)  energy  loss  will 


4 


[f 

i 

i 

f 

[ 


Page  176,  ' 

1 

J. 

) 

i 

Hith  an  increase  in  the  amount  of  workable  ray/fceams  it  becomes 
inadraissibly  large.  For  example,  at  n = 5 and  6 = 0.25  value  of  loss  < 

will  increase  to  1 0 dB.  % 

V 


The  expressed  considerations  are  the  very  essential  during  the 
development  of  the  measuring  filters  of  eguipment/devicos  of  weighing 
in  the  systems  in  question.  This,  in  particular,  was  taken  into 
account  in  the  construction  of  the  measuring  device  of  a broadband 
system  of  the  type  "Rake".  For  a broadband  communicating  system  with 
the  coherent  addition  of  ray/beams,  but  incoherent  reception,  the 
probability  of  error  with  any  number  of  workable  ray/beams  n and  of 
time  of  measurement  much  larger  the  duration  of  the  ceii/element 

of  signal  T (6  ■ ^ •) , is  equal  to  [ 36,  45] 
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p('»  = ±e  * (3.4.12) 

In  the  case  of  the  arrival  of  the  ray/beams  of  the  approximately 
identical  intensity,  when  A*  where  h*  - the  ratio  of  the  energy 

of  signal  in  one  ray/beam  to  the  spectral  density  of  fluctuating 
interference,  expression  (3.4.12)  assumes  the  form 


nh> 

p^«)  = l.g  2 
2 


(3.4.13) 


With  n = 1,  this  expression  coincides  with  formula  (2.7.23),  obtained 
for  a single-ray  reception. 


In  Fig-  3.4.2  are  constructed  according  to  (3.4.13)  curves  the 
probabilities  of  the  error  in  system  with  the  coherent  addition  of 
ray/beams  and  incoherent  reception  (solid  lines) . As  the  parame«-er  of 
curves  are  taken  values  n = 1,  2,  4.  From  the  figure  one  can  see  that 

in  the  system  in  question  the  accumulation  of  ray/beams  also  raises 
freedom  from  interference.  In  this  case  energy  gain  for  the 

probability  of  error  lO*’^  in  comparison  with  single-ray  incoherent 
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reception  increases  directly  proportional  to  the  number  of  workable 
ray/beaas  n.  In  comparison  with  coherent  reception  during  the 
coherent  addition  of  ray/beams  (the  dotted  curves  of  Fig.  3.4.2)  the 
incoherent  reception  provides  somewhat  lower  freedom  from 
interference,  since  is  connected  with  the  less  of  the  information 
about  the  initial  phase  of  the  resulting  signal  in  the  decisive 

schematic  of  receptor  (for  example,  after  the  output  of  detectors  in 
diagram  in  Fig.  3.3.7),  However,  the  value  of  energy  loss  is  small 

and  does  not  exceed  1 dB  (15o/o)  for  p >/10"'. 


Interesting  to  note  that  fact  that  of  relationship/ratio 
(3.4.12)  and  (3.4.13)  are  valid  also  in  the  case  of  the  reception  of 
one  ray/beam  (n  = 1)  at  any  value  6,  including  with  6=1.  In  other 
words,  with  the  reception  only  of  one  ray/beam  the  freedom  from 
interference  of  the  system  of  incoherent  reception,  determined  by 
these  formulas,  does  not  depend  on  the  selection  of  the  iuration  of 

tine  of  the  measurement  of  the  parameters  of  the  channel  of 
communication/connection  T'm-, 
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in  this  case,  of  course,  the  ti®e  of  measurement  must  be  not  less 
than  the  duration  of  the  cell/ element  of  the  signal:  Tm'>T. 


Further,  in  other  limiting  case  - for  the  duration  of  time  of 

•easurement  Tm.  equal  to  the  duration  of  the  element  of  signal  T,  and 
to  processing  two  ray/beams  — we  have  the  following  expression  for 
the  probability  of  the  error: 


Prom  comparison  (3-4.14)  with  (3.4.10)  it  is  evident  that  with  n = 2 

and  6 = ■'  freedom  from  interference  of  the  coherent  reception  is 
higher  than  incoherent  one-  This  remains  valid  and  for  the  larger 

number  of  workable  ray/beams  and  6 V 


In  the  presence  of  common  fadings  in  the  adopted  ray/beams  the 
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use  of  total  energy  of  bu It i pie- pronged  signal  nakes  it  possible  to 
largely  remove  the  effect  of  these  fadings  and  to  increase  freedom 
froB  interference  of  broadband  communicating  system.  Let  us  show  this 
in  an  example  of  the  double-beam  signal,  subjected  to  Rayleigh 
fadings.  Let  us  assume  that  fadings  in  ray/beams  are  not  correlated 
and  the  intensity  of  each  of  them  on  the  average  identical.  Let  ns 
designate  by  hi  the  average  statistical  value  of  the  ratio  of  the 
energy  of  signal  to  the  spectral  density  of  fluctuating  interference 
in  each  ray/beam.  Then  in  the  case  of  coherent  reception  with  the 
coherent  addition  of  two  ray/beams  and  at  values  h*o  >>  1 probability 
of  error  takes  tha  following  simple  form: 


p») 


(3.4.15) 


For  an  incoherent  reception  with 
ray/beams  the  probability  of  error  is 


the  coherent  addition  of  two 
expressed  by  relationship/ratio 


[1  ] 


(3.4.16) 
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Finally,  during  processing  multiple-pronged  signal  in  cases  when 
the  measurement  of  transmission  factors  in  ray/beams  hinder/hampered 

due  to  high  speed  of  fadings  or  is  absent  according  to  design 
considerations,  is  feasible  the  method  of  the  incoherent  addition  of 

signals  in  ray/beams  (see  diagram  in  Fig.  3.3.8). 

Page  179. 

In  this  case  for  n = 2 and  ho^  1 the  probability  of  the  error 

pW;^JL.  (3.4.17) 
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In  Fig.  3,4.4  are  constructed  the  dependences  of  the  probability 
of  error  on  value  h*o  according  to  formulas  (3.4.15)  - dotted, 

(3.4.16)  - continuous  and  (3.4.17)  - dot-dash  line.  From  the  fiqurc 
one  can  see  that  already  with  two  workable  ray/beams,  in  spite  of  the 
Rayleigh  character  of  fadings  in  them,  the  freedom  from  interference 
of  all  systems  of  processing  m ulti pie- pronged  signal  in  question  is 
substantially  higher  than  in  the  diagrams  of  single-ray  reception. 
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For  example,  in  comparison  with  the  incoherent  reception  of  one 
ray/beam  under  conditions  of  Rayleigh  fadings  (see  curve  6 in  Fig. 
3.4.1)  energy  gains  tor  the  high  authenticity  of 

communication/connection  with  p > 10'*  they  compose  the  values;  20.6 
dB  - during  coherent  addition  with  coherent  reception;  13-5  d3  - with 
coherent  addition  with  incoherent  reception  and  17.6  dB  - during  the 
incoherent  addition  of  ray/beams.  With  an  increase  in  the  amount  of 
the  workable  ray/beams  n of  the  value  of  these  gains  even  more 
grow/rise.  From  Fig.  3.4.4  it  is  possible  to  be  convinced  also  of  +he 
fact  that  during  the  coherent  addition  cf  ray/beams  the  coherent 
reception  provides  in  channel  with  fadings  energy  gain  into  2.1  dR  in 
comparison  with  incoherent  reception,  and  incoherent  addition  of 
ray/beams  insignificantly  it  is  inferior  to  the  latter,  playing  back 
0.9  dB. 


It  should  be  noted  that  the  Rayleigh  character  of  fadings  in 
ray/beams  is  least  favorable,  since  out  of  all  actually  possible 
cases  precisely  Rayleigh  signal  fading  lead  to  the  greatest  energv 
losses  in  communicating  systems.  In  the  presence  of  the  generalized 
Rayleigh  fadings,  which  occupy  the  intermediate  position  among 
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absence  of  fadings  and  Rayleigh  fadings,  the  freedom  from 
interference  of  the  indicated  diagrams  of  multiple-prongel  reception 
will  grow/rise  in  ccaparison  with  the  examined  above  case, 
approaching  conditions  of  reception  under  channel  without  fadings. 


In  conclusion  of  paragraph  let  us  examine  some  special 

feature/peculiarities  of  the  effect  of  the  concentrates  interferences 
on  broadband  communicating  systems.  As  it  was  noted  in  §2.1,  in  th« 
communication  channels  along  with  fluctuating  are  widely  common  the 
concentrated  interferences.  Specif ically,^  their  amount  is  especially 
great  in  the  range  of  short  waves,  what  is  the  consequence  both  of 
the  conditions  of  radiowave  propagation  and  all  the  increasing 
charging  this  range.  The  large  part  of  such  interferences  has 
relatively  small  intensity.  Store/adding  up  at  the  input  of  receptor, 
they  is  formed  fluctuating  noise,  in  their  statistical  properties 
virtually  not  differing  from  normal  white  noise.  Under  the  influence 
of  such  concentrated  interferences  are  valid  all  results,  given  for 
the  communication  channels  with  fluctuating  interference. 
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The  presence  of  the  totality  of  the  concentrated  interferences  with 
the  statistical  properties  of  normal  noise  increases  only  the  value 
of  the  spectral  density  of  fluctuating  interference,  and 

consequently,  it  decreases  the  value  of  the  ratio  of  the  energy  of 
signal  to  the  spectral  density  of  fluctuating  interfsrancre , lowering 
thereby  freedom  from  interference.  However,  the  effect  of  such 
interferences  does  not  depend  on  the  structures  of  the  utilized 
signals  and  equally  detrimentally  both  for  broadband  and  for 
narrow-band  communicating  systems.  At  the  same  time  under  actual 
conditions,  as  a rule,  some  from  the  concentrated  interferences 
sharply  are  isolated  against  the  background  of  their  totality,  i.e,, 
have  power,  considerably  exceeding  power  of  other  concentrated 

interferences  commensurable  with  the  pcwer  of  useful  signal,  but 
their  spectrum  in  full  or  in  part  coincides  with  the  spectrum  of 
signal. 


The  effect  of  such  single  interferences  depends  not  only  on 
their  statistical  properties,  but  also  on  a mutual  difference  in  the 
form  (structure)  of  the  concentrated  interference  on  the  foim  of 
those  utilized  for  the  transmission  of  the  information  of  signals 
[30],  The  overwhelming  majority  of  the  concentrated  interferences 
appears  at  present  from  the  signals  of  the  extraneous  radio  stations, 
which  are  sinusoidal  oscillations  with  the  changing  parameters 
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(aaplitude,  frequency,  phase).  Onder  the  influence  of  single  harmonic 
interference  the  freedom  from  interference  of  broadband  commun  ica  i ng 
system  depends  no  longer  not  only  on  value  hi  - the  ratio  of  total 
energy  of  signal  to  the  spectral  density  of  filtration  noise,  but 

also  on  the  parameter  hllFT,  where  hi  ig  ratio  of  the  energy  of 
interference  to  the  spectral  density  of  fluctuating  noise,  FT  is  a 

base  of  communicating  system. 


In  Fig.  3.4.5  are  constructed  probability  curves  of  error  p 
depending  on  value  h*  - ratio  of  the  energy  of  signal  in  one  ray/beam 
to  the  spectral  density  of  the  fluctuating  interference  for  the  case 
of  incoherent  reception  with  the  coherent  addition  of  two  ray/beams 
of  identical  intensity  and  under  the  influence  of  single  harmonic 
interference.  Onbrohen  curves  correspond  that  which  not  fade,  and 

broken  lines  - to  the  fading  according  to  Rayleigh  law  interference. 

As  the  parameter  of  curves  serve  the  relations  —^=0;  0*5;  1-  Prom 

FT 

curve/graphs  it  is  evident  that  the  presence  of  the  single 
concentrated  interference  can  considerably  influence  the  freedom  from 
interference  of  broadband  system. 
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Th«  effect  of  this  interference  begins  to  already  aanifest  itself 

^2  ffi 

with  — IL  > 0,5.  for  the  nonfading  interference  with  —2-  =0,5  and  the 
FT.  ft 

probability  of  error  p 3^  10"^  energy  loss  does  not  exceed  2-3  dB.  Th 

further  growth  hf,  jFT,  and  also  the  presence  of  fadings  of 

interference  lead  to  its  increase,  specifically,  with  fadings  the 

indicated  above  loss  grow/rises  by  2-3  more  dB.  Let  us  note  that  the 

energy  lossses  of  the  sane  order  begin  to  appear  also  in  narrow-band 

COBBU nicat ing  systea  for  — 5->0,5-^l.  *t  the  same  time  from  this  an 

FT 

exaaple  escape/ensues  the  essential  difference  between  the  effect  of 
single  harmonic  interference  on  broadband  and  narrow-band 
coBBunicating  systems.  Actually,  single  harmonic  interference 
produces  a noticeable  decrease  in  the  freedoa  from  interference  both 
in  broadband  and  in  narrow- band  systems  with  /?n  = (0,5-t-])/T. 
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however  in  narrow-band  systea  the  value  of  the  utilized  base 
virtually  does  not  exceed  several  ones.  At  the  same  time  of  the  valu‘d 
of  base  for  broadband  signals  they  compose  the  value  of  several  doz<=*n 
or  hundreds. 

Consequently,  in  broadband  system  is  provided  the  considerably 
tetter/best  suppression  of  harmonic  interference.  From  this  viewpoint 
an  increase  in  the  base  of  the  utilized  signals  is  highly  useful. 

Of  coarse,  most  intense  of  the  concentrated  interferences  with 
value  hi  the  order  of  several  dozen  or  hundreds  can  cause  a decrease 
in  the  freedom  from  interference  of  broadband  system.  In  this  case  it 
is  necessary  to  ensure  their  suppression  prior  to  tha  input  of  the 
decisive  schematic  of  receptor,  for  example,  by  means  of  rejection 
sufficiently  narrow  in  order  not  to  cause  a considerable  decrease  in 
the  energy,  section  of  the  band  of  signal  F,  in  which  operates  the 
harmonic  interference. 
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§3.5.  Broadband  mutually  correlated  communicating  system  "Ralce" 


The  developed  in  the  USA  transmission  system  of  a discrete 
information  of  the  type  "Rake"  can  serve  as  an  example  of  the 
practical  realization  of  the  fundamental  principles  of  the  use  of 
broadband  signals  for  dealing  with  multi-beam  characteristics  in 
shortwave  communications  [hU].  Let  us  examine  the  fundamental  special 
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feature/peculiarities  of  the  construction  of  this  system. 


For  the  transmission  of  binary  information  from  telegraph 
transmitter  (Fig.  3.5.1)  emits  into  space  frequency-  manipulated 

broadband  with  band  F = 10  kHz  of  signal  Zj  (t)  - "premise/impulse" 
and  Z2  (t)  - "pause”  by  duration  T,  also,  with  the  frequency 
shift/shear  between  them  approximately  182  Hz.  In  receptor  the 
received  signals  must  be  reconstructed  for  obtaining  the  energy  of 
entire  multiple-pronged  signal.  Therefore  to  utilize  as  any  wide-band 
noise  signal  is  impossible.  The  formation  of  broadband  signals  in  the 
transmitter  of  system  is  realized  with  the  aid  of  the  special 
diagram,  encircled  in  Pig.  3.5.1  by  dotted  line,  steering  impulses 
with  repetition  frequency  fg  = 120  kHz,  the  stabilized  by  crystal 

oscillator  frequency  f^,  they  proceed  to  special  device  - the  shift 
register,  which  consists  of  the  dialing/set  of  10  Origger  circuits, 
included  by  code  feedback. 

Page  184. 

At  the  output/yield  of  register  is  formed  the  periodically  being 
repeated  pseudorandom  sequence  of  video  pulses.  The  duration  of  its 
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7'o  = (2«~i)/,, 


where  m is  a number  of  flip-flops  in  shift  register;  to  - the  period 
of  frequency  fg. 


Since  in  system  "Rake"  fo  = 120  kHz  and  m = 10,  Tq  = 8.525  as. 
This  value  of  period  is  selected  more  than  the  duration  of  the 
ionospheric  multiple- beam  characteristics,  component  usually  in  the 
range  of  short  waves  3-5  ms.  Pseudorandom  sequence  then  enters  the 
pulse  generator,  which  develops  very  short  pointed 
mo mentum/impulse/pu Ises,  that  develops  very  short  pointed 
momentum/impulse/pulses  by  duration  0.3  ps . This  character  of  these 
momentum/impulse/pulses  is  necessary  for  obtaining  the  largest 
possible  uniformity  of  the  spectrum  of  the  "carrying"  broadband 
signal  whose  formation  is  realized  subsequently  by  the  first  and 
second  band-passs  filter  and  amplitude  limiter.  The  first  band-pass 
filter  passes  from  the  spectrum  of  the  incoming  pointed 
momentum/impulse/pulses  the  only  harmonic  components  in  band  t.5  kHz 
relative  to  the  frequency  of  tuning  fj  = 455  kHz.  As  a result  the 
signal  at  the  output/yield  of  filter  acquires  in  time  noise- like 


character. 


r r 
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Fig.  3.5.1.  Key:  (1).  St*«rlng  impulses.  (2).  Crystal  oscillator. 
(3).  Pulse  generator.  (4).  Code  feedback.  (5).  band-pass  filter.  (6) 
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Liaiter.  (7).  Frequency  converter.  (8).  Coding  device.  (9)  ♦ Frequency 
converter  to/  Page  185. 

since  in  the  output  voltage  of  the  first  filter  are  possible  the 
sufficiently  outbursts  (overshoots),  it  enters  the  bilateral  liaiter 
through  amplitude.  The  spectrum  of  signal  after  liaiter  somewhat  is 
expanded.  For  the  preservat ion/retention/maintaining  of  the  spectrum 
of  signal  F = 10  kHz  the  voltage  from  the  output/yield  of  liaiter 
passes  through  the  second  band-pass  filter  with  passband  10  kHz.  As  a 
result  of  the  fluctuation  of  the  output  potential  of  the  second 
filter  to  a considerable  degree  are  limited,  which  brings 
subsequently  to  the  better/best  use  of  energy  service  lives  of 
transmitter  by  the  more  effective  use  of  tubes  of  power  amplifier. 

The  spectrum  of  signal  at  the  output/yield  of  the  second  filter  is 
limited  in  band  f5  kHz  relative  to  frequency  f|  = 455  kHz.  On  this 
the  formation  of  «carrying"  broadband  signal  it  concludes. 

For  the  realization  of  frequency  shift  keying  the  voltage  from 
the  second  filter  proceeds  to  frequency  converters,  to  which 
simultaneously  will  be  feed/conducted  the  voltages  by  frequency  (fg  *■ 
91  Hz)  for  the  signal  of  premise/impulse  and  by  frequency  (fg  - 91 
Hz)  for  the  signal  of  pause.  These  last/latter  voltages  are  switched 
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in  accordance  with  the  work  of  telegraph.  The  value  of  frequency  is 

taken  equal  to  15S  kHz.  After  transformation  output  voltages  have 
respectively  frequencies  (fj  - fj  - 91  Hz)  = 300  kHz  - 91  Hz  and  (fj 
- fj  ♦ 91  Hz)  = 300  kHz  ♦ 91  Hz.  These  voltages  proceed  to  the 
following  frequency  converter,  at  output/yield  of  which  ace  obtained 
finally  \.he  high-frequency  signals  of  premise/inpulse  zi  (t)  and 
pauses  22  (t)  . signals  Zi  (t)  and  (t)  are  passed  through  the  power 
aaplifier  of  transmitter  and  are  ^'mitted  by  the  transmitting  antenna 
to  correspondent.  In  time  they  have  noise-like  character.  The 
duration  of  the  cell/element  of  each  signal  is  identical  and  equal  to 
T = 22  ms,  but  their  spectra  are  concentrated  within  the  limits  of 
band  ±5  kHz  relative  to  frequencies  /b+91  Hz  for  the  signal  of 

premise/impulse  and  /b  — 91  Hz  for  the  signal  of  pause.  Hera  /■ 
is  a operating  frequency  of  transmitter. 


During  system  tests  were  utilized  the  values  ft=^,  12,  17 

NHz.  since  the  bands  of  frequencies  of  the  utilized  broadband  signals 
compose  value  F = 10  kHz,  the  base  of  system  is  equal  to  FT  = 220.  It 
should  be  noted  that  signals  Zi  (t)  and  Z2  (t ) are  orthogonal,  since 
frequency  shift  between  then,  equal  to  182  Hz,  to  multiple  of  inverse 
value  of  the  duration  of  premise/impulse  T. 
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Actually,  at  T = 22  ms  the  value  of  frequency  shift/shear  comprises 
4/T. 

In  passing  by  the  communication  channel,  multiple- pronged  signal 
together  with  noises  it  enters  the  input  of  receptor.  The  block 
diagram  of  the  receiver  of  system  "Rake”  is  represented  in  Fig. 

3.5.2.  From  comparison  with  diagram  in  Fig.  3.3.7,  it  is  possible  ♦•o 
make  the  conclusion  that  in  the  receptor  of  system  with  the  aid  of 
synchronous  heterodyning  is  realized  the  incoherent  reception  of 
signals  with  the  coherent  addition  of  all  incoming  ray/beams. 

Let  us  examine  in  more  detail,  as  in  the  given  diagram  occurs 

recording  the  signals  of  premise/impulse  and  pause.  For  this  the 
diagram  switches  on  two  identical  circuits  of  processing.  Each 
circuit  consists  of  the  line  of  delay,  dialing/set  of  correlators, 

which  weighs  and  which  phases  devices,  envelope  detector.  The  taken 
multiple-pronged  signal  as  a result  of  the  passage  of  the 

cascade/stages  of  amplification  along  high  frequency 
(Ultrahigh-frequency) , conversion  and  amplification  along 
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intermediate  frequency  (OPCh)  is  converted  into  the  signal  of 
frequency  fj  = 455  kHz  and  enters  the  input  of  delay  line.  The  delay 
line  is  common/general/total  for  circuits  processing  the  signals  of 
premise/impulse  Z|  (t)  and  pause  Zg  (t) . complete  delay  time  in  it  t 
= 3 ms.  since  the  width  of  the  field  of  the  powerful  correlation  of 
the  utilized  signals  composes  value  ^ 1/P  = +100  ps,  in  line  for 
each  circuit  is  provided  series  from  tF  * 30  removal/outlets,  placed 
through  identical  time  intervals  1/F.  Voltage  by  frequency  f|  = 455 
kHz  from  the  removal/outlets  of  line  proceeds  to  multipliers  (mixers) 
A of  the  dialing/set  of  correlators.  Besides  multiplier  A each 

correlator  switches  on  even  reference  oscillator  and  the  integrating 
inematic)  filter.  Moreover  both  reference  oscillator  and  the 
integrating  filter  are  common/general/total  for  all  correlators  of 
each  circuit  of  processing.  The  reference  oscillators  of  signals  Zj 
(t)  and  Z2  (t)  in  receiver  are  the  devices,  similar  to  the  generator 
of  the  formation  of  the  broadband  signals  of  transmitter. ^ Page  187. 


I 
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Pig,  3.5.2.  Key:  (1),  Supporting  signal  generator  of  preaise/inpulse. 
(2).  Cell  of  weighing.  (3).  Integrating  (Kinematic)  filter.  (4). 
Circuit  of  processing  the  signal  of  prenise/impulse.  (5).  Envelope 
detectors.  (6).  Ultrahigh-frequency  and  UPCh.  (7).  Delay  line  for  a 
period.  (8).  Measuring  filter.  (9).  Device  of  comparison.  (10). 
Signals  of  the  binary  printing  code.  (11).  supporting  signal 
generator  of  pause.  (12).  Circuit  of  processing  the  signal  of  pause. 
(13).  Generator  of  frequency.  (14).  voltages  of  frequency  to  other 
cells  of  weighing.  Page  188. 
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Difference  consists  only  of  the  fact  that  here  for  the  realization  of 
synchronous  hyterodyning  occurs  the  f ornation/education  of 
frequencies  fi  ~ &i  * 91  Hz  = 435  KHz  ♦ 91  Hz  in  the  case  of  the 
signal  of  prenise/impulse  and  fi  - A|  - 91  Hz  = 435  KHz  - 91  Hz  in 
the  case  of  the  signal  of  pause.  The  generators  of  reference  signals 
are  synchronized  so  that  the  beginning  of  their  cell/element  would 
coincide  with  the  torque/nonen ts  of  the  time,  when  on  the  last/latter 
removal/outlet  of  delay  line  render/shows  the  beginning  of  the 
cell/element  of  the  signal,  accepted  on  the  first  of  the  incoming 
ray/b earns. 

Further  processing  the  adopted  multiple- pronged  signal  in  the 
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diagraa  in  question  is  based  on  the  neasucenent  of  the  short-term 
(for  time  of  the  duration  of  cell/element  T)  mutually  correlated 

function  of  that  taken  on  each  ray/beam  and  supporting/reference 
signals.  So,  from  the  last/latter  pair  of  the  multipliers  of  series  A 
will  arise  the  voltages  of  frequency  Ai  = 20  kHz,  with  the 
instantaneous  values  at  the  torque/moment  of  reading  (T  ♦ t)  , 
proportional  to  the  value  of  the  mutually  correlated  function  between 
the  supporting/reference  and  that  which  is  taken  on  the  first 
ray/beam  signals.  Remaining  ray/beams,  if  they  delay  relative  to  the 
first  for  a period  more  1/F,  will  not  create  on  the  last/latter  pair 
of  the  removal/outlets  of  the  noticeable  voltage  of  frequency  Aj. 
However,  each  of  them  on  some  one  of  removal/outlets  will  be 
synchronized  with  reference  signal  with  an  accuracy  to  1/F  and  it 
will  create  on  the  output/yield  of  the  corresponding  multiplier  the 
voltage  of  frequency  A^  with  the  instantaneous  value,  proportional  to 
the  mutually  correlated  function  between  this  ray/beam  and  the 
reference  signal.  Thus,  all  the  adopted  ray/beams  with  the  time  lag 
of  each  of  them,  that  exceed  value  1/F,  turns  out  to  be  divided  at 
the  output/yield  of  multipliers  A.  Thereby  is  removed  the  ill  effect 
of  the  selective  character  of  fadings  and  phenomenon  of  echo  on  the 
reception  of  signals. 


For  using  the  total  energy  of  entire  multiple-pronged  signal  and 
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increase  thereby  the  correctness  of  the  reception  of  information  the 
receptor  of  system  "Rake"  makes  an  additional  two  operations, 
substantially  important  during  processing  multiple-pronged  signal. 

This  is,  in  the  first  place,  the  operation  of  the  weighing  of 
signals  on  each  of  the  incoming  ray/beams:  the  greater  signal  level 
in  the  corresponding  ray/beam  (removal/outlet  of  delay  line) , that 
more  powerful  must  be  used  this  signal. 

Page  189. 

The  output  voltages  of  the  removal/outlets,  in  which  the  adopted 
ray/beams  are  absent  or  are  very  small  and  which  are  located  in 
essence  under  the  action  of  interferences,  must  be  to  the  maximum 
degree  suppress.  The  operation  of  weighing  is  realized  in  this  system 
with  the  aid  of  the  device  of  the  weighing,  which  consists  of  the 
separate  identical  for  each  pair  removal/outlets  of  cells. 


Figure  3.5.2  shows  the  cell  of  weighing 
of  removal/outlets.  it  consists  of  summatoc. 


for  the  last/latter  pair 
multiplier  and  measuring 
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filter.  The  operating  principle  of  this  cell  was  examined  in  §3.2. 
Here  let  us  let  us  point  out  that  in  system  "Rake"  the  passband  of 
measuring  filter  is  selected  order  1 Hz,  which  approximately 
corresponds  to  the  speed  of  the  fluctuations  of  the  state  of 
ionospheric  channel. '^en  time  of  integration  of  filter,  inversely 
proportional  to  the  value  of  its  band,  many  times  exceeds  the 
duration  of  the  cell/element  of  signal  T.  Consequently,  the  output 
voltage  of  the  measuring  filter  of  the  frequency  of  each  cell 

of  weighing  barely  depends  on  fluctuating  noises  and  turns  out  to  be 
proportional  to  the  intensity  of  the  corresponding  ray/beam.  It 
proceeds  to  the  multipliers  of  series  B,  at  output/yield  of  which  are 
formed  the  voltages  of  frequency  A2  = 9 kHz  with  the  instantaneous 
value,  proportional  at  the  torque/moment  of  reading  to  the  product  of 
the  short-term  function  of  mutual  correlation  by  the  appropriate 
Height  coefficient,  determined  by  ray  intensity. 


In  the  second  place,  for  the  coherent  addition  of  all  adopted 
ray/beams  in  receiver  is  realized  the  operation  of  the  phasing  of 

their  voltages.  The  "rough"  phasing  of  separate  ray/beams  is  realized 
by  means  of  their  synchronization  with  accuracy  1/F  with  the  aid  of 
delay  line.  A "precise"  phasing  of  voltages  in  ray/beams  conducts 
electrically  because  of  frequency  conversion  on  the  multipliers  of 
series  B and  of  the  presence  of  the  single  for  all  cells  weighing  of 


Fold  thus  voltage  from  the  coramon/general/total  busbars  of 
signals  Zi  (t)  and  Zz  (t)  enter  the  integrating  kinematic  filters, 
which  are  tuned  to  a frequency  A2,  and  then  they  are  introduced  into 
the  diagrams  of  envelope  detectors.  Output  potentials  of  detectors  at 
the  torque/moment  of  reading  are  proportional  to  the  values  of  the 
envelopes  of  short-term  crOsscorre lation  function  between  those  which 
were  folded  coherently  kogerentno  by  signals  in  ray/beams  and  by 
reference  signals  Zj  (t)  and  z^  (t) . These  voltages  enter  the 
comparison  circuit,  in  which  on  larger  of  them  is  accepted  the 
solution  to  the  reception  either  of  the  signal  of  premise/impulse  or 
the  signal  of  pause.  The  output  voltage  of  comparator  controls  the 
work  of  telegraph  at  the  point  of  reception. 
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§4.1.  General  infornation  about  autocorrelation  ‘~:'steas. 


The  isolation/liberation  of  signals  out  of  noises  in  broadband 
systems  is  possible  also  when  using  methods  of  reception^  which  are 
based  on  the  measurement  of  the  short-term  autocorrelation  function 
of  received  signal*  The  broadband  systems,  which  use  this  principle, 
is  conventionally  designated  as  autocorrelation. 


The  distinctive  special  feature/peculiarity  of  autocorrelation 
systems  is  the  fact  that  during  correlation  processing  signal  in 
receiver  the  role  supporting/reference  plays  received  signal  itself, 
more  precise,  the  adopted  sum  of  useful  signal  and  interf erences. 


As  it  was  shown  in  chapter  3,  effect  from  correlation  processing 
was  maximum  when  the  reference  signal  is  a precise  copy  of  the 

adopted  useful  signal.  Therefore  in  channels  with  the  variable 
parameters  for  an  increase  in  noise- resistance  of  reference  signal  on 
go  side  it  is  desirable  to  distort  so,  as  was  distorted  in  channel 
the  transmitted  signal.  Specifically,  for  this  purpose  in  the 
examined  earlier  mutually  correlated  systems  was  realized  the 
reconstruction  of  reference  signals  in  accordance  with  the  results  of 
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the  aeasureaent  of  the  paraaeters  of  the  coaaunication  channels.  For 
autocorrelation  systeas  the  need  for  this  reconstruction  is 
eliminated,  since  the  role  of  reference  signal  plays  in  essence  most 

adopted  useful  signal.  Therefore  autocorrelation  systems  can 
sufficiently  effectively  to  worJc  both  in  the  channels  with  constants 
and  with  the  variable  parameters,  including  in  channels  with 
multi  pie- pronged  propagation.  Therefore  there  is  no  need  for  to 
provide  for  for  receptor  the  generators  of  the  transmitted  signals 
(or  the  matched  with  the  transmitted  signals  filters)  and  the  fairly 
complicated  measuring  systems  of  the  parameters  of  the  communication 
channel. 


Page  192. 


Simultaneously  with  this  significantly  descend  requirements  for  the 
accuracy  of  synchronization. 


Thus,  the  receptors  of  the  autocorrelation  broadband  systems  can 

be  realized  considerably  simpler  than  mutually  correlated  ones. 
Furthermore,  since  in  the  receiver  of  autocorrelation  system  there  is 
no  reconstruction  of  the  taken  signals,  as  the  transmitted  signals  in 
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such  systeas  can  be  used  not  only  the  pseudorandoa  broadband  signals, 
obtained  froa  the  special  fairly  coaplicated  generators,  as  this 
occurred  in  mutually  correlated  systems,  but  also  the  cuts  of  noise 
froa  the  "natural"  sources:  thyratrons,  noise  diodes,  etc.  The 
application/use  of  such  generators  for  shaping  the  transmitted  in  the 
assigned  band  signal  frequencies  also  substantially  simplifies  the 

construction  of  the  transmitters  of  autocorrelation  systems.  At  the 
sane  tine  the  presence  in  the  reference  signal  of  the  autocorrelation 
system  not  only  of  the  useful  taken  signal,  but  also  the  noises  of 
the  communication  channel  increases  interference  level  at  the 
Output/yield  of  correlator.  Furthermore  as  it  will  be  shown  below, 
such  systems  possess  sufficiently  high  inherent  noise  level  (the 
so-called  system  interferences).  All  this  lowers  the  patential 
interference  rejection  of  autocorrelation  systems.  The  energy  lossses 
of  autocorrelation  systems  in  comparison  with  mutually  correlated 
comprise  with  the  probabilities  of  errors  p>10-*  not  less  than 

9-15  dB. 


Thus,  comparative  simplicity  of  the  realization  of 
autocorrelation  systems  is  reached  by  the  value  of  a decrease  in 
their  potential  interference  rejection.  Therefore  the  practical 
realization  of  such  systems  can  be  justified  when  the  considerations 
of  simplicity  of  the  construction  of  receptor  are  prevailing. 
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I 

PuctherMoce,  the  application/use  of  autocorrelation  systeas  can  turn  \ 

1 

out  to  be  advisable  and  then,  when  the  daaage  of  the  structure  of  the  | 

transaitted  signals  in  the  coanunication  channel  are  so/such  great,  | 

thatthe  reconstruction  of  received  signals  and,  consequent ly , also  j 

work  of  systeas  of  the  type  mutually  correlated  cannot  be  any  j 

satisfactory.  j 


Page  193. 

§4.2.  Fundamental  principles  of  the  construction  of  autocorrelation 
systems. 


The  autocorrelation  reception  of  signals  provides  for  processing 
in  the  receptor  of  the  adopted  sum  of  useful  signal  ani  interferences 
of  the  communication  channel  with  the  aid  of  the  diagram  of 
autocorrelator.  The  block  diagram  of  this  correlator  is  represented 
in  Fig.  to  4.2.1  and  includes  the  following  in  principle  necessary 
cell/eleaents:  aultiplier,  equ ipae nt/device  (line)  of  delay  and 
integrator  (sea  §2.3).  The  input  of  correlator  enters  th...-  sua  of 
useful  signal  and  interferences  x (t) , which  is  introduced  on 
aultiplier  directly,  also,  through  the  delay  line  for  a period  r.  The 


1 
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output  voltage  of  nultiplier  x (t)  • x (t-r)  is  integrated  for  ti«e 

T.  As  a result  the  output  voltage  of  diagtan  with  the  sufficiently 
large  interval  of  integration  turns  out  to  be  proportional  to  the 
autocorrelation  function  of  the  received  signal: 


i?(x)=lim  1.  j'x{t)x{t  — x)'dt. 
r-»  <»  7"  0 


(4.2.1) 


Hoyever,  the  enission  of  useful  signal  out  of  this  voltage 
without  the  special  construction  of  the  transaitted  signal  largely  it 

is  impeded  due  to  the  interference  effect  of  the  communication 
channel.  Let  us  explain  this  as  follows.  Let  the  input  of  correlator 
enter  the  useful  noise-like  signal  2(0  with  the  uniform  in 
sufficiently  broadband  F spectrua  and  also  fluctuating 

interference  C (t)  out  of  the  chajnnel  of  the 

comaunication/connection,  which  has  the  lero  avsrage  value  and  the 
uniform  in  the  band  of  frequencies  F spectrua  (f). 


considerably  exceeds  their  value  ifcp'^F).  Received  signal  x (t)  is 
equal  of  this  case  to  the  su«  of  the  obtained  signal  z (t)  and 
interference  € (t)  , but  its  output  potential  of  correlator  according 
to  (4.2.1)  coaposes  value 


/?(T)  = lim  ±^[2(0  + 5 (O]  [z(f-T)-f  E{i-T)]d(  = 

= lim  r_L  /■  2 (<)  z (f  — t)  cf^  + — ^ z (^)  5 (f  — t)  dt  + 

+ ± / S (0  2 (( _ T)  ± / 5 (0  s (t  _ ,)  d(  1 = 

= (x)  V (T)  + Ri  7(t)  + Ri  (t),  (4.2.2) 


r 


I 

I 


where  /?7(t)  *»d  /?{  (t)  are  autocorrelation  functions  of  _ 

respectively  useful  signal  and  interference;  (t)  R-U  (T) 


\ 
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are  their  autually  correlated  functions. 

Let  us  assuaa  that  signal  z (t)  and  interference  6 (t)  are 
stationary  and  statistically  independent,  since  are  caused  by 
coapletely  different  sources.  Furthermore,  the  average  valiv  of 
interference  C (t7  = with  0.  Then  from  mutually  correlate'  functions 
are  equal  to 

("')  = (•*)  = 0.  (4.2.3) 


Fig-  4.2.2.  Page  195. 


In  this  case  fro«  formula  (4.2.2)  it  follows  that  the  autocorrelation 
function  of  received  signal  is  equal  to  the  sum  of  the 
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autocorrelation  functions  of  useful  signal  and  interference; 


i?(t)= /?»(,)+ Rj  (,). 


(4.2.4) 


Autocorrelation  function  /?7(x)  liaited  in  the  band  of 

frequencies  P of  signal  with  the  uniforn  spectrum,  as  this  was  shown 
In  S2.5t  takes  the  form  of  the  harmonic  oscillations  of  frequency  fcp 

sin  — 

2 

with  envelope,  that  is  changed  according  to  the  law  ~Pr — ‘ Hereof 

is  dispersion  (power)  of  useful  signal  z*  (t)  . Plotted  function  /??(«) 

depending  on  r ..s  represented  in  Fig.  4.2.3a.  As  can  be  seen  fron  the 

figure,  the  main  idxiw;im  of  envelope  (range  of  powerful  correlation) 

is  arranged  be^aaen  values  tl/F.  Remaining  maximums,  attenuating 

proportionally  Fr,  'rapidly  they  decrease  in  value.  At  values 

t>?-i^<the  autocorrelation  function  of  signal  T (t)  is  virtually 
F 

egnal  to  zero.  The  autocorrelation  function  of  interference  (t) 
has  analogous  character  with  the  only  difference,  that  the  dispersion 
(power)  of  interference  is  different  fron  the  power  of  signal 


A change  envelope  autocorrelation  functions  ^7(t)  and  Rt  (x) 


is  Shown  by  dotted  line  in  Fig.  4.2.3b.  In  this  saue  figure  solid 


DOC  = 77160122 


PAGE  .^^^7 


line  represented  dependence  on  r the  correlation  function  of  received 
signal  B (t),  which  for  each  fix/recorded  t is  equal  to  the  sum  of 
the  corresponding  values  of  the  autocorrelation  functions  of  useful 
signal  and  interference.  From  the  figure  one  can  see  that  the 
functions  /?7(t)  and  {r)  are  combined  in  the  case  in  question 
on  the  axis  r.  For  different  r the  values  of  the  autocorre lati on 
function  of  interference  Ri{t)  are  proportional  to  the  appropriate 
values  of  the  autocorrelation  function  of  useful  signal  i?7(T).  The 
Bore  the  component  of  useful  signal  in  the  output  voltage  of 
correlator,  the  more  the  component  of  interference,  and  vice  versa. 

At  T = 0 is  reached  the  maximum  of  the  stress  of  useful  signal  and 
output  voltage  of  correlator;  however,  in  this  case  the  disturbing 

voltage  also  has  the  greatest  value. 


Page  196. 


Thus,  as  a result  of  the  fact  that  in  ths  case  in  question 
autocorrelation  functions  ^(t)  and  Rt  {t)  ’ combined  on  the 

axis  T,  the  interferences  of  the  coaaun ication  channel  substantially 
affect  the  output  voltage  of  correlator,  largely  impeding  the 
reception  of  iseful  signal. 
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For  the  ellaination  of  the  indicated  phenoaenon  in  broadband 
systems  is  substantially  necessary  the  superimposition  on  the  axis  t 
in  the  method  of  the  autocorrelation  functions  of  useful  signal  and 
interference.  The  indicated  superimposition  can  be  reached  by  the 
introduction  of  artificial  delays  into  the  transmitted  signals.  For 

this  explanation  let  us  turn  to  Fig.  4.2.4  on  which  is  represented 
block/module/unit  the  diagram  of  formation  (coding  of  the  transmitted 
signals  of  autocorrelation  system. 


DOC  = 77160122 


PAGE 


Page  197. 


The  transmitter  of  Fig.  4.2.4  contains  as  the  coding  equipment /device 
the  generator  of  the  broadband  noise-like  signal  z (t)  , delay  line 
for  a period  Xi  and  saamator.  The  spectrum  of  signal  z (t)  is  uniform 
and  limited  in  the  band  of  frequencies  F,  but  its  autocorrelation 
function  is  similar  to  the  correlation  function  of  Fig.  4.2.3a.  The 
delay  time  in  the  line  Tj  is  selected  large  in  comparison  with  time 
of  the  correlation  of  signal  1/F.  Virtually  it  suffices  to  select  it 
equal  to  2-3/F. 


The  transmitted  signal  Zi  (t)  is  form/shaped  at  the  output/yield 
of  the  summator  of  the  coding  equipment/device  and  contains  component 
z (t)  and  z (t-Ti).  The  first  their  base  is  remove/taken  directly 
from  the  output/yield  of  generator,  and  the  second  from  the 
output/yiold  of  delay  line.  The  autocorrelation  function  of  the 
transmitted  signal  (t)  takes  the  form 


^*1  (•*)  = lim  i / z,  (f)  z,  {t  — t)  dt. 

. ..  r oo  r •/ 

' * ft 


I 
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whence,  taking  into  account  that  Zj  (t)  = z (t)  ♦ z (t-Ti) 

obtain 


W=lim 

7^  oo 


L y-  z (0  z (( — x)  + J_  y-  z (f — t,)  X 

xz((  — + z{t)zit  — Xi  — z)  dt  + 

* 0 

^+^/z(t  — t,)z(f  — Ti— T)df  =/?^(x)  + 

^0  J 

+ (■'  ~ ■*!)  + (■'l  + ■')  + ~ ■'l  H".  ■'l)  “ 

= 2R,  (x)  + R,  (X  - T,)  + i?,  (X,  + t). 


where  ~ the  autocorrelation  function  of  signal  z 


we  will 


(4.2.6) 


(t)  . 


4-) 


L 
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Key:  (1).  Signal  generators.  (2).  Delay  line. 

■pcc^ 

Fro»  equality  (4.2.6)  it  is  evident  that  the  autocorrelation  function 
of  the  transmitted  signal  is  determined  by  three  terms,  each  of  mhich 
depends  on  the  form  of  the  autocorrelation  function  of  signal 
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and  also  of  the  values  of  the  delay  time  T|  and  of  the  parameter  t. 


The  character  of  change  (t)  from  t at  the  selected  value 
2 -f-  3 

‘Ti> — — is  shown  in  Fig.  4.2.  S.  at  values  T<-i-  the  main 

^ F 

role  in  the  formation  of  the  autocorrelation  function  of  the 

transmitted  signal  plays  the  tern  2/?,(t).  that  has  maximum  with  t = 

0.  The  value  of  maximum  is  determined  by  the  d.ispersion  (with  a 

power)  of  entire  transmitted  signal  ali . The  contribution  of  other 

two  terms  is  negligible.  Hhen  changes  r within  limits  x, — — 

F f 

the  fundamental  contribution  Introduces  second  term  r.  / v j 

— Ti),and 

2/?,(t)  and  /?i(x+ti)  are  negligible.  Naximum  — occurs 

mith  T * Tj.  It  is  formed  because  of  component  z (t-Tj)  and  has  a 
value,  equal  to  the  half  of  the  dispersion  of  entire  transmitted 
signal.  As  concerns  the  third  term,  »®ry  little  at  any 

values  T. 


Thus,  when  the  transmitted  signal  is  form/shaped  of  two 
components  of  z (t)  and  of  z (t-Ti),  its  current-regulating  function 
has  two  maximums,  arrange/located  one  relative  to  another  at  a 
distance  selected  delay  time  r,. 


PAGE 
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Because  of  this  autoBatically  is  realized  the  "superiaposition"  in 
the  receptor  of  the  autocorrelation  functions  of  useful  signal  and 
fluctuating  interferences  of  the  co«aunication  channel.  Actually# 
during  the  transnission  of  signal  Zt  (t)  = z (t)  *•  z (t-T|)  to  the 
input  of  decoder  (autocorrelator)  Fig.  4.2.1  will  enter  the  undergone 
distortion  in  the  conn  unication  channel  useful  signal  Z|  (t)  = z (t) 

♦ z (t-rj) . 


Discussing  analogous  with  the  derivation  of  expression  (4.2.6), 
it  is  not  difficult  to  show  that  the  autocorrelation  function  of  this 
signal  takes  the  form 

/?«(x)  = (t)  + R~  (-c'— >,)  +.  (x.+.  t,),  (4.2.7)  . 

where  ^7(r)  is  a short-term  autocorrelation  function  of  each 
component  of  signal  zt  ('^)  • sane  tine,  the  components  of  z"  (t) 

and  of  z (t-Ti)  of  useful  signal  are  proportional  to  the  appropriate 
components  of  the  transmitted  signal.  Then  autocorrelation  function 

for  Zi  (t) , shown  in  Fig.  4.2.6a,  repeats  on  the  determined  scale  the 
correlation  function  of  the  transmitted  signal.  It  also  has  two 

maximums,  arrange/located  with  time  interval  tj.  The  first  of  tbes 
occurs  at  values  r from  0 to  1/F  and  is  form/shaped  because  of  a 2R~{x) 
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fro*  (4.2.7),  i.e.,  because  of  both  conponents  of  ^(0  •■d  of 

2(/_Ti)  of  til*  taken  signal.  The  second  aaxiaua  exists  for 
ti  — + andit  Is  detersined  by  tera  R~{t  — xi)  from  (4.2.7), 
i.e.,  only  by  one  component  of  z(t — xi)  of  entire  useful  signal.  Let 
us  note  that  if  the  distortions  in  channel  were  absent  (?,(/) 
then  the  autocorrelation  function  of  the  taken  useful  signal 

corresponded  precisely  the  curve  of  Fig.  4.2.5. 


Further,  the  autocorrelation  function  of  the  interferences  of 

the  channel  of  coanun  icat  ion/connect  ion  (x),  which  have  that  which 

was  limited  in  the  band  of  frequencies  F and  the  unifora  spectrum,  is 

arrange/located,  as  this  was  shown  above,  in  essence  in  range  of 

values  T from  0 to  1/F  and  with  x>?-ZJ  it  is  very  insignificant 

F 

(Fig.  4.2.6b). 


Page  200. 


The  autocorrelation  function  of  entire  received  signal,  determined  by 
relationship/ratio  (4.2.4),  is  equal  to  the  sub  of  the 

autocorrelation  functions  of  useful  signal  ^ 7,(x)  and  of 
interference  /?j  (x)  (Fig.  4.2.6c).  It  is  not  difficult  to  see  that 
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the  interference  ? (t)  exerts  a substantial  influence  only  on  the 
first  of  its  laxiauas.  The  second  of  thea,  arrange/located  in  range 

of  values  r froa  r,  - 1/F  to  t,  1/F,  is  largely  released  from  the 
effect  of  interference  ? (t) . 


Of  this  consists  the  proposed  in  work  [21]  principle  of  the 
super impositon  of  the  correlation  functions  of  useful  signal  and 
interferences  of  the  decoder  of  autocorrelation  communicating  system. 

A difference  in  the  in  practice  utilized  in  autocorrelation  systems 
systems  of  coding  and  decoding  lies  in  the  fact  that  the  formation 
transmitted  and  processing  received  signals  in  them  is  realized  not 
during  infinite  time,  but  is  the  finite  interval  of  the  duration  of 

the  cell/element  of  the  signal  T'.  whose  value  is  determined  by  the 
speed  of  transmission  of  discrete  report/communication.  Then  the 
output  potential  of  correlator  depends  on  used  realization  of  signal 
in  the  finite  interval  of  duration  T and  is  determined  already  by  the 
short-term  autocorrelation  function  of  the  signal 

^ 0 


(4.2.8) 
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In  this  respect,  value  x (t)  is  unlike  (4.2.1)  the  random 
variable,  which  is  characterized  by  cartain  by  average  on  all 
possible  realizations  of  signal  value  X(t)  and  by  dispersion  [X  (t) 
- ~X  (t)  ] *.  However,  if  the  transmitted  signals  possess  ergodic 

property,  and  the  sane  are  many  signals  of  radio  communication,  then 
X (t)  it  is  the  autocorrelation  function  8 (r)  from  (4.2.1),  and  the 

root-nean-square  deviation  Y [jf (tj characterizes  the 

measure  of  the  scatter  of  the  short-term  autocorrelation  function  of 
its  relatively  average  value. 


In  this  case  the  expressed  above  positions  remain  valid, 
characterizing  the  operating  principle  cf  autocorrelation  systems  on 
the  average  independent  of  the  selected  on  each  cell/element 
realization  of  signal,  special  feature/peculiarities  of  the 

freedom  from  interference  of  autocorrelation  systems,  connected  with 
the  measurement  of  short-term  correlation  function  (4.28),  are 
discussed  in  the  following  paragraph.  Here  let  us  note  that  the 
effective  separation  of  the  first  and  second  maximums  of  the 
short-term  autocorrelation  function  of  received  signal  (4.2.8)  is 
possible  only,  in  the  first  place,  when  using  signals  with 


d 
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sufficiently  broadband  P,  whose  time  of  correlation  .any  ti.es  is 
shorter  than  the  duration  of  the  cell/ele.ent  of  signal,  i.e.,  with 

-i-Cr.  (4.2.9) 

F 


III  the  second  place,  delay  ti.e  t»  in  transmitter  for  component 
Bust  two  or  three  times  exceed  time  of  the  correlation: 

, . (4-2.10) 


It  is  obvious  that  the  signal  of  form  Zj  (t)  = z (t)  ♦ z (t-vi) 

can  be  used  as  one  of  the  two  transmitted  signals  in  binary 
communicating  system,  for  example  as  the  signal  of  premise/impulse 
(pressure)  . 

Page  202. 
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For  the  for«ation/education  of  the  signal  of  pause  (release)  is 
sufficient  to  set  in  equipaent/device  of  coding  another  delay  tiae 
T2,  to  which  will  correspond  the  transmitted  signal  Zj  (t)  = z (t)  ♦ 
z (t  - T2)  . In  this  case  the  autocorrelation  function  of  received 

signal  T2  (t)  * 'z  (t)  * 'z  (t  - tz)  also  will  have  two  aaximums,  one 
of  which  is  subjected  to  the  powerful  effect  of  interferences  and  is 

arrange/located  in  range  of  change  t from  0 to  1/P,  but  the  second  to 
a considerable  degree  is  excess  this  and  is  arrange/located  in  range 

■tj The  position  of  the  second  maximua  is  shown 

F F 

ia  fig.  h.2.6c  by  dotted  line,  whereupon  for  a certainty  rg  was  taken 
as  longer  than  T|.  The  separation  of  maximums  during  transmission 
zzit)  is  possible  also  only  during  satisfaction  of  the  condition 


(4.2.11) 


Furthermore,  for  the  discrimination  of  the  signals  of 
preaise/inpulse  and  pause  the  second  maximums  with  and  rg  must  be 
divided  by  interval  (see  Pig.  4.2.6c) 
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Relationship/ratios  (4.2.9)  - (4.2.12)  are  the  conditions, 
superimposed  on  the  utilized  in  autocorrelation  broadband  system 
signals. 


Recall  that  the  correlation  function  of  received  signal, 
determined  by  relationship/ratio  (4.2.8),  is  the  dependence  of  the 
output  voltage  of  decoder  from  the  value  of  time  t its  delay  line.  It 
is  obvious  that  for  recording  received  signals  (t)  or  'z^  (t)  it  is 
necessary  to  select  value  t in  receiver,  equal  to  a signal  delay  in 
transmitter,  i.e.,  t = for  signal  Xx  ^ ^2  (^)  • 

Respectively  receiver  in  this  case  must  contain  two  decoders  with 
delay  lines  on  T|  in  one  of  them  and  on  rg  in  ether,  the  installation 
of  the  corresponding  delay  time  in  transmitter  can  be  realized  with 
the  aid  of  line  with  reaoval/outlets  on  T|  and  tj,  switched  in 
accordance  with  the  work  of  telegraph.  Therefore  autocorrelation 


The  principle  of  the  construction  of  the  broadband 
autocorrelation  transmission  systems  of  discrete  information 
presented  can  be  explained  with  the  aid  of  examples.  As  the  first 
example  let  us  examine  the  work  of  the  system,  proposed  to  Lange  and 
Muller  [21,  h9].  The  block  diagram  of  its  transmitter  is  represented 
in  Fig.  4.2.7  and  includes  the  coding  equipment/device,  and  also 
cascade/stages  of  the  frequency  conversion  and  power  gain  of  the 
Output  signals  of  transmitter.  The  coding  equipment/device  consists 
of  the  noise  generator,  of  band-pass  filter,  line  of  delay  and 
summator.  As  noise  generator  is  utilized  the  simplest  generator, 
which  can  be  carried  out,  for  example,  on  thyratron  or  noise  diode, 
voltage  from  the  output/yield  of  noise  generator  is  passed  through 
the  band-pass  filter  with  band  F and  the  eedius  frequency  /cp,  which 
considerably  exceeds  the  value  of  band  (fcp>^)-  The  fundaeental 
requirement,  presented  for  noise  generator  and  filter,  is  the 


1 
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provision  uniform  in  the  band  of  frequencies  F cf  the  spectrum  of 
signal  z (t)  at  the  output/yield  of  filter.  Furthermore,  value  1/F 
must  satisfy  condition  (4.2.9).  The  correlation  function  of  this 
limited  on  noise  bandwidth  takes  the  form  of  the  harmonic 
oscillations  of  frequency  fcp  with  envelope,  that  is  changed 


Ft 


according  to  the  law  sine 


^for  example,  see  Pig.  4.2.3a) 
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Fig.  I*. 2, 7. 

Key:  (1).  Coding  eguipaent/device.  (2).  Noise  generator.  (3). 

Band-pass  filter.  (4).  Frequency  converter.  (5).  power  amplifier. 
(6).  Delay  line. 
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Page  204. 


The  fundamental  maximum  of  envelope  (range  cf  powerful  correlation) 

is  arranged  in  range  r = 1/P.  remaining  naxiaums  rapidly  decrease 

2 -T*  3 

in  value,  so  that  at  values  autocorrelation 

function  of  signal  is  virtually  equal  to  zero.  Further  from  the  noise 

voltage  i (t)  in  the  coding  device  is  realized  the  formation  of  the 
which  are  subject  to  transmission  signals  of  premise/irapulse  and 
pause  respectively: 
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zi  (o=z(o+z(f— ^i);\ 


(4.2.13) 


For  this  z (t)  it  is  supplied  to  adder  directly,  also,  through  the 
delay  line.  Line  has  two  reinoval/outlets,  that  ensure  delay  for  a 
period  ti  for  the  signal  of  premise/im pulse  Zj  (t)  and  for  the 
signal  of  pause  (t).  The  cominutation  of  removal/outl ets  is 
realized  by  key/wrench  K in  accordance  with  the  work  of  the 
transmitting  telegraph. 


Delay  factors  and  tz  are  selected  by  such  that  they  would 
satisfy  conditions  (4.2.10)  - (4.2.12).  For  the  duration  of 
premise/impulse  from  telegraph,  equal  by  T,  the  duration  of  the 
formed  signals  composes  value  T+xi  and  T + respectively.  In  order 
that  upon  the  exchange  of  the  cell/e lenents  of  signal  (for  example, 
premise/impulse  to  pause  and  vice  versa)  would  not  occur  a noticeable 
change  in  the  power  level  of  the  emitted  signals,  value  ti  and 
besides  the  indicated  above  conditions  must  simultaneously  satisfy 
the  also  following  condition: 
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^2<C7’. 


(4.2.14) 


It  is  not  difficult  to  see  that  in  this  case  the  system  in 
question  is  system  with  active  pause.  Receptor  is  its  represented  in 
Pig.  4.2.8.  It  includes  the  common/general/total  input  circuits  of 
receiver  (high-frequency  amplifiers,  converters,  IF  amplifiers),  the 
decoders  of  the  circuits  of  processing  the  signals  of  prem ise/ impulse 
Zi  (t)  and  pauses  Zg  (t) , and  also  comparison  circuit  (subtractor) . 


page  204, 


Bach  decoder  is  the  autocorrelator,  which  consists  of  delay  line  (tor 
a period  for  signal  Z|  (t)  and  for  signal  (t) ) , a multiplier 


and  an  integrator.  The  adopted  signal. 

x(0  = z(0+.z(^-t,)+.S(0,  r=l;  2. 


(4.2.15) 


Intermediate  frequency  enters  the  input  of  the  multipliers  of  <-he 
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circuits  of  procsssing  received  signals  directly,  also,  through  the 
delay  line.  Let,  for  example,  was  transmitted  signal  Zi  (t).  Then  the 
input  of  the  multiplier  of  the  circuit  of  processing  signal  z,  (t) 

(matched  circuit)  enter  voltage  x (t)  = (t)  ♦ “z  (t  - r^)  * ? (t) 

and  X (t  - T i)  = z (t  - ti)  ♦ z (t  - 2tj)  € (t  - tj)  . As  a result 

on  multiplier  prove  to  be  the  introduced  into  synchronism  components 
of  z (t  - Tj)  of  signals  x (t)  and  x (t  - tj)  , i.e.,  ths  component, 
not  delayed  in  transmitter  and  delayed  in  receiver,  and  the 
component,  delayed  in  transmitter,  but  not  delayed  in  rscsiver. 
Because  of  these  components  is  form/shaped  basic  part  of  the  voltage 
of  the  second  maximum  of  autocorrelation  function  with  r = t,  on 
output  of  circuit  (Fig-  4.2.9a).  According  to  (4.2.8)  and  (4.2.15) 

this  voltage  is  equal 

(<  — T,)Z  (^  — T,)df+^/E(05((  — + 

^0  ^ 0 ^ 

+.  7 /Z  (0  z T,)  dt  -1-  Z (0  z (^-  2t,)  dt  + 

0 " ■*  0 ^ 

+ y/  ^ ■'i)z  (^—2ti)</^  + y/z  (/)?(;  — + 

0 . ' 0 ^ 

+ y/S(f-T,)  z((-T,)df  + (Oz  ((-x,)df+. 

•'0  ■‘O' 
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Key:  (1).  Input  target/purposes  and  cascade/stages.  (2).  Decoder. 

(3).  Integrator.  (4).  Delay  line.  (5).  Comparison  circuit.  (6). 
Beading.  (7).  Solution.  (8).  Integrator. 

Page  206. 


First  term  in  expression  (4.2.16)  forms  basic  part  of  the  maximum  of 
voltage  during  r = tj.  second  term  is  the  result  of  the  affect  of 
fluctuating  interference.  The  third,  fourth  and  fifth  terms  are 
determined  by  the  fact  that  the  transmitted  signal  consists  of  two 
(delayed  and  not  delayed)  components.  These  terms  form  the  so-called 
system  interference.  And  finally,  the  latter  of  four  terras  are  caused 
by  the  interaction  of  interference  and  components  of  signal.  All 
terms,  except  the  first,  form  the  inherent  noise  of  autocorrelation 
system,  the  voltage  X®  in  the  second  (unmatched)  circuit  of 
processing  with  t = tj  and  to  transmission  Zg  (t)  is  also  random 
variable  and  is  determined  by  relationship/rat ic  (see  Fig.  4.2.9b) 


= T f ^ ^ - ■'>)  + ^ +- 


(4.2.17) 


DOC  = 77170122 


PAGE 


In  this  voltage  with  the  selected  values  tj  and  tj  are  absent 
synchronous  components.  As  can  be  seen  from  (4.2.17)  and  in  this 
circuit  is  an  increased  inherent  noise  level  of  system.  Specifically, 
as  a result  of  the  presence  of  these  noises  autocorrelation  systems 
prove  to  be  more  badly  on  the  potential  interference  rejection  than 
mutually  correlated. 


Further  during  the  transmission  of  signal  — 

processing  received  signal  jc(/) »I(<) +2(<  — t*) +5(0 
is  rsalixed  analogously,  but  in  this  case  occurs  the  maximum  of 
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voltage  X®  with  r = (see  Fig.  4.2.'9b  - dotted  line)  because  of 
the  syechconiaa  of  the  coaponents  of  form  2 (t  - r?)  . The  stress 

level  in  that  which  was  matched  and  mismatched  circuits  is  det  erm  ir.ed 
in  this  case  by  expressions  (4.2.16)  and  (4.2.17)  with  the 
appropriate  replacement  in  them  of  index  ”1"  by  "2”  and  vice  versa. 

Page  207. 

Voltages  xw  and  x®  from  the  output/yield  of  decoders  enter 
the  comparison  circuit,  as  which  can  be  used  subtractor.  At  the 
torgue/noment  of  the  termination  of  the  cell/element  of  signal 
(t orgue/moment  of  reading)  with 

T-  > 0 

is  accepted  the  solution  to  transmission 

X<‘)  _ X®  < 0 

is  recorded  signal  Z2  (t)  . 

Figure  4.2.10  shows  dependence  in  time  of  the  voltages  at  the 


(4.2.18) 

In  the  case 

(4.2.19) 


different  points  of  diagram  in  Fig.  4.2.8  during  the  transmission  of 
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\ 

t the  sequence  of  signals  Z2 » Zj  . 

\ 

\ 

Another  example  of  system  iiith  korrel4qionno- tima/tsm  porary 

i modulation  is  the  system,  at  whose  transmitter  is  analogous  with 

i- 

' diagram  in  Fig.  4.2.7,  and  decoders  of  receiver,  presented  in  Fig. 

4.2.11,  contains  the  only  one  correlator  with  delay  time  rj. 


r 


transaission  of  signal  (t).  Another  transaitted  signal  (t)  ai- 
the  output/yield  of  correlator  is  absent  and  creates  only  noise 
voltage.  The  output  voltage  of  correlator  at  the  torque/moment  of  the 
termination  of  the  cell/element  of  signal  enters  the  threshold  device 
with  level  A.  If  output  voltage  exceeds  value  A,  then  is  accep<-ed  the 
solution  to  transmission  (t)  , otherwise  is  recorded  Zj  (t)  . 


1 


r 
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Fig-  4.2.11. 


Key:  (1).  Input  circuits  and  cascade/stages.  (2).  Integrator.  ( 1)  . 

Heading.  (4).  Threshold-  (5).  Solution.  (6).  Delay  line  on. 

3LC‘^. 


value  of  threshold  A is  different  in  this  diagram  from  zero  and 
a^i^cted  in  order  to  ensure  the  rainiBum  frobahility  of  error.  Tn 


r 
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i 

‘ this  case  they  say  that  in  receiver  is  estatlished/installed  the 

F 

optinum  threshold  level. 

f 

I 

[ 

I' 

i 

; It  IS  not  difficult  to  see  that  this  system  is  system  wi^h 

6 

passive  pause.  Its  advantage  is  certain  simplification  in  the 
; receiver  circuit  and  the  decrease  in  the  inherent  noise  level  of 

[ system.  At  the  same  time  in  this  case  usefully  is  utilized  the  only 

half  of  the  energy  taken  by  a transmitter  of  signal.  This  fact,  and 
f also  the  presence  of  that  noted  from  zero  threshold  levels  lead  to 

j the  fact  that  the  freedom  from  interference  of  this  system  proves  to 

be  somewhat  below  (approximately  to  3 dE)  in  comparison  with  ^ he 

f 

examined  in  the  preceding/previous  example  system  with  active  pause. 

i 

( 

f 

1 

I As  an  example  of  system  with  the  reduced  inherent  noise  level, 

I but  the  effective  use  of  an  energy  of  entire  transmitted  signal  can 

serve  the  presented  in  Fig.  4.2.12  autocorrelation  system  with 
opposite  signals  [9].  Its  distinctive  special  feature/pecii  liarity  is 
the  fact  that  the  coding  device  of  transmitter  includes  the  only  one 
delay  line  of  the  fixed/recorded  time  t,  and  also  phase  inverter  of 
1800. 


PAGE 
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I 
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Key;  (1).  Noise  source.  (2).  Filter.  (3).  Phase  inverter.  (4).  Delay 
line.  (5).  Input  circuits  and  cascade/stages.  (6).  Integrator.  (7). 
Reading.  (8)  • Threshold.  (9).  Solution. 


The  undelayed  component  of  the  form/shaped  signals  enters  th» 
summator  either  through  the  phase  inverter  or  directly  in  accordance 
with  the  regulation  of  key/wrench  K,  switched  by  the  premise /i m pulses 
of  telegraph.  The  transmitted  signals  take  the  form; 


Zi  (t)  = z (0  + z (t  — x); ' I M 2.20) 

Zj(f)  = -z(0  + z(^-'‘)-l 


The  decoder  of  receiver  switches  on  one  correlator,  useful 

output  of  potential  of  which  It  Is  form/shaped  because  of  component 
I z , r 

— dvirlng  transmission  zi(/)  and  component  - ~f  z{t— 

—x)z{t  — x)dt  during  transmission  Z2(t).  Consequently,  these  voltages 


t 
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at  the^ 

l(orqa^aoB«Bt  of  the  reading  have  different  polarities.  They  enter 
the  threshold  device,  the  optiaum  value  of  threshold  level  of  which 

in  this  case  equal  to  zero.  If  the  output  voltage  of  correlator  is 
positive,  then  is  recorded  signal  (t),  otherwise  - signal  Zz  (t) • 
This  system  possesses  the  highest  freedom  from  interference  of  all 
examined  diagrams. 


§4,3.  On  the  potential  interference  rejection  of  autocorrelation 
systems  with  korre lUqionno- time/temporary  modulation. 


We  will  consider  the  potential  interference  rejection  of  the 
diverse  variants  of  systems  with  korrelUqionno-time/temporary 
modulation.  Let  us  assume  that  the  noise  generator  of  transmitter  ir 
all  these  diagrams  generates  the  normal  noise  z (t)  with  the  uniform 
spectrum  in  the  band  of  frequencies  F a to  the  input  of  receptor 
except  useful  signal  it  enters  additive  interference  e (t)  in  the 
form  cf  normal  white  noise  in  the  band  of  frequencies  of  useful 
signal.  We  consider  also  that  by  means  of  the  selection  of  the 
corresponding  value  F time  of  correlation  is  much  shorter  than  the 
duration  of  cell/element  T of  th«  transmitted  signals: 
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Let  us  turn  at  first  to  the  decisive  diagram  in  Fig.  4.2.8, 
being  limited  to  the  case,  when  the  transmitted  signals  z,  (t)  = z 
(t)  ♦ z (t  - T^)  and  22  (t)  = z (t)  ♦ z (t  - T2)  are  equiprobable. 


The  rule  of  the  solution  in  the  diagram  in  question  lies  in  ^ he 

fact  that  signal  z^  (t)  is  recorded,  if  the  output  voltages  of  the 
circuits  of  processing  JC«>  and  xw  satisfy  the  inequality 

(4.3.3) 

Sith  cpposite  inequality  sign  is  recorded  signal  Z2  (t) . Let  us 
assume  that  transmits  signal  Zj  (t).  Then  the  probability  of  error  is 
probability  that  inequality  (1.3.3)  is  not  fulfilled.  In  this 
inequality  xw  and  Xw  they  are  the  random  variables, 
determined  by  relationship/ratios  (4.2.16)  and  (4.2.17).  utilizing 
expansions  for  signal  z (t)  and  interferences  C (t)  in  Fourier  series 
in  range  from  0 to  T, 

* (0  = " (A/t  cos  ka>f,t  g-  B/,  sin  /jwqO: 

(4.3.4) 

' } 

5 (0  = S (a*  COS  ktOQt  + p*  sin  kmi),- 

k. 


where  at,  ere  Independent  normal  random  values 

with  the  average  values  !«  = B*  = o, '=!«  = o ’nd 

dispersions  = = 

power  of  the  usefal  received  signal;  v»  - the  spectral  density  of 

fluctuating  interference). 

Then  during  satisfaction  of  conditions  (4.3.1)  and  (4.3.2)  it  is 
possible  to  show  that  the  voltages  x“>  X»>  are  the 

independent  normal  random  variables,  which  have  at  transmission 
zi(0  the  average  values 


MtfilWililiiii 
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of  the  energy  of  the  taken  useful  signal  to  the  spectral  density  of 
fluctuating  interference.  Consequently,  value  X-ko— X(*»  also 

is  nornal  randoa  variable  with  the  average  value  and  dispersion, 
respect ively; 


Then  the  probability  of  error  during  transmission  Zj  (t)  is  equal 
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(4.3.7)  and  by  executing  integration,  ve  will  obtain 


Pi  = - 


1— <[> 


9 hi 

+ 8A2  + 4Frj 


(4.3.9) 


wh«T«  0{x)  - probability  integral  (function  of  Crump),  tabulated, 

for  exaapl*,  in  [3,  35]. 


It  is  analogous,  during  the  transmission  of  signal  «j(o, 
and  )?(i)  is  normal  and  independent  variables  random  variable 

with  the  following  parameters: 


2T 

v4  / ftl  \ 

= (T?  + 2A2  + F7-J  ; o<2)*  = 


47V  V 2 fj 


+ 4/|2  + 2FT 


(4.3.10) 
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Then  value  x-x^'^—xw  is  normal  and  has  an  average  value  and  a 

dispersion  respectively 
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Page  213. 


The  probability  of  error  during  the  transmission  of  signal 
«,(/)  is  equal  to  the  probability  of  the  fulfillment  of  inequality 
(4.3.3)  and,  therefore. 


“ 1 - 

■pi=P{X>0]  =/~;7=  e 

0 If  y 2k 


(■r  — xy 
Jo' 


dx. 


(4.3.12) 


Substituting  in  this  expression  of  value  X and  from  (4.3.11),  it 
is  not  difficult  to  ascertain  that  probability  Pa  takes  the  analogous 
(4.3.  9)  form. 


The  composite  probability  of  the  error  of  piece-by-piece 
reception  with  a priori  equal  probabilities  of  the  transmitted 

signals  takes  the  form 

p = Y (Pi + pi)- 
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Then  for  the  system  of  Fig-  4.2.8  finally  we  have  the  following 
expression  for  the  probability  of  the  error: 


P 


2 


_J  ,_y 

\Y 9/,*  + 16/iSfr  + 8 (FT)2y  . 


(4.3.13) 


Let  us  note  that  for  the  case  of  coherent  reception  in  the 
optimum  mutually  correlated  system  with  orthogonal  signals  th=» 
expression  for  the  probability  of  error  took  the  form 


(4.3.14) 
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From  the  comparison  of  formulas  (4.3.13)  and  (4.3.14)  it  is 
evident  that  in  autocorrelation  system  the  probability  of  the  error 
depends  not  only  on  the  ratio  of  the  energy  of  signal  to  the  spectral 
density  of  the  fluctuating  interference  h*,  but  also  on  the  value  of 
base  FT  the  utilized  signals.  In  this  develops  itself  the 
nonoptimality  of  systems  with  korrel4gicnno-time/temporar y modulation 
as  consequence  of  the  presence  in  the  reference  signal  of  fluctuating 
interference  5 (t)  and  sufficient  high  inherent  noise  level. 


In  Fig.  4.3.1  solid  lines  are  constructed  dependences  of  p on 
h*  for  the  different  values  of  base  (10^,  10^  and  10*).  The 
dependence  of  the  probability  of  the  error  of  autocorrelation  system 
on  value  FT  determines  two  substantially  important  special 
feature/peculiarities  of  such  systems. 
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Page  214. 


First-  with  — >1  and  constant  value  FT  from  (4.3.13)  we 

FT 

cbtain  the  follovlng  asymptotic  expression: 


■4 

(4.3.15)i 


which  it  does  not  depend  on  value  h*.  This  means  that  at  sufficiently 

large  in  comparison  with  base  FT  values  h^  the  probability  of  the 
error  in  system  depends  only  on  the  base  of  the  system;  a further 

increase  in  the  power  of  the  transmitted  signals  does  not  improve  the 

freedom  from  interference  of  system  (see  Fig.  4.3.1  with  FT  = 102). 

At  the  sane  time  for  obtaining  the  sufficiently  small  asymptotic 

probabilities  of  the  errors,  which  would  be  considerably  than  less 

required  in  the  communicating  system  of  probabilities  p = 10~*-10“5^ 

it  is  necessary  to  ensure  sufficiently  large  values  FT.  The  virtually 

indicated  requirement  will  be  satisfied,  as  is  evident  from 
Fig.  4.3.1,  already  at  values  FT  > 10^. 
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In  the  second  place,  there  is  an  optinum  value  of  base  {FT)o, 
at  which  the  probability  of  error  (4.3.13)  in  autocorrelation  system 
will  be  smallest.  The  optimum  value  of  base  can  be  found,  if  we 
(4.3.13)  differentiate  for  parameter  FT  and,  after  equating 
derivative  zero,  to  solve  the  obtained  equation  relative  to  FT. 
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As  a result  we  will  obtain  the  following  expression  for  the  optimun! 


base  in  the  systea  in  guestion: 


(^)o ^ ItOSb*. 

2VT 


(4.3.16) 


At  this  value  (FT)  „ expression  (4.3.13),  determining  potential 


interference  rejection,  is  converted  to  the  form 


(4.3.17) 


Proa  comparison  (4-3.17)  with  (4.3.14)  it  is  evident  that  with 
identical  probabilities  of  errors  the  autocorrelation  system  in 
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question  plays  back  by  energetically  nutually  correlated  16  tinx^s  or 
on  12  dB.  One  should  emphasize  that  the  freed  cm  from  interference  of 

autocorrelation  system,  determined  by  expression  (4.3.17),  requires 
the  regulation  of  base  in  accordance  with  relationship/ratio 
(4.3.16).  This  can  be  realized  either  by  a change  in  the  band  of 
frequencies  P or  by  a change  in  the  speed  of  transmission  of 
information  T.  With  constant  base  the  probability  of  the  errors  in 
system  will  be  determined  by  relationship/ratio  (4.3.13). 

f 

In  autocorrelation  system  with  active  pause  and  opposite  signals 
(Fig.  4.2.12)  the  composite  probability  of  error  is  equal  to  [ 9 1 


(4.3.18) 


In  Fig.  4.3.1  by  dotted  line  on  (4.3.18)  are  constructed  the 

I 

dependences  of  the  probability  of  error  on  h*  for  cases  FT  = 10^*,  10^ 
and  10^.  At  the  fixed  value  of  base  FT  and  with  increase  h*,  the 
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probability  of  error  asymptotically  approaches  value 


. (4.3.19) 


Probability  (4.3.19)  is  somewhat  less  than  (4.3.15). 


Page  216. 


The  optimum  value  of  base,  at  which  provides  the  minimum  of  the 
probability  of  error  (4.3.19),  is  equal 


1,12b*. 


(4.3.20)1 
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In  this  case  the  freedoB  froB  interference  of  the  system 


. P 


(4.3.21)  Cl 


FroB  comparison  (4.3.21)  with  (4.3.17)  it  follows  that  the 
application/use  of  opposite  signals  provides  with  identical 
probabilities  of  the  errors  energy  gain  two  times  (3  dB). 


Let  us  turn  now  to  system  with  the  passive  pause  whose 
transmitter  is  represented  in  Fig.  4.2.7,  and  receiver  - in  Fig. 
4.2.11.  In  this  system  the  expression  for  the  probability  of  error 

takes  fora  [29] 


i-  I + -i® 
2 1 2 


2aYhi  + 2h7FT  + (FT)'i  — h7V 2Ff  ] 
Vhh<  + ShiFT  + 4 {FT)i 

-±®w). 


(4.3.22) 
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te  a - the  standardized/nor malized  value  of  threshold  voltage, 
us  assume  that  in  receptor  the  level  of  threshold  voltage  a is 
establish/installed  optimum  for  each  state  of  the  channel  of 

communication/connection  (depending  on  value  h*) . This  optimum 
threshold  value  can  be  found  from  the  condition 


dp 


da 


= 0. 


Let 
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After  fulfilling  differentiation  (4.3.22)  vith  respect  to  a and  after 
solving  the  obtained  eguation,  we  will  obtain  the  following 
expression  for  the  standardized/normalized  threshold  voltage: 


(4.3.23) 


where  c-5A*+8A*f7'+4(fr) d=h^+2h^FT+(FT)^. 

In  Fig.  4.3.1  dot-dash  line  are  constructed  according  to  formula 
(4.3.22)  talcing  into  account  (4.3.23)  the  dependence  of  the 
probability  of  error  p on  h*  for  cases  FT  = 10*,  lo^  and  10^. 

page  217. 


At  the  fixed  value  of  base  and  with  increase  h*,  the  probability  of 
error,  determined  (4.3.22)  together  with  (4.3.23),  asymptotically 


approaches  the  value 

p L [i_d.(o,59  K'/t)  + ® (o,338  j/fr)] . 


(4.3.24) 
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Unfortunately,  it  is  impossible  to  find  the  lockeS  analytical 
expression  for  (FT)  o in  system  with  passive  pause  during  the 
simultaneous  optimization  of  its  probability  of  error  on  FT  and  or. 
Numerical  value  (FT)  q for  each  concrete/specif ic/actual  h^  can  be 
found  by  the  methods  of  the  solution  to  transcendental  equations.  At 
the  same  time  about  the  character  of  the  behavior  of  system  with 
passive  pause  it  is  possible  to  judge  by  the  given  in  Fij.  4.1.1 
curves  of  its  freedom  from  interference  (dot-dash  line).  From  the 
figure  one  can  see  that  this  system  plays  back  in  the  range  of  the 

working  values  of  the  probability  of  error  ?>■  10~‘  to  system  with 
active  pause  not  less  than  3 dB,  but  to  system  with  active  pause  and 
opposite  signals  - about  6 dB. 

In  conclusion  of  paragraph  it  should  be  noted  that  the  systems 
with  korre 14 qionno- time/temporary  modulation  are  weakly  shielded  from 
the  effect  of  single  harmonic  interferences.  If  in  the  input  voltage 
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of  receptor,  besides  useful  signal  and  fluctuating  interferences,  are 
present  the  s.ngle  harmonic  interferences  of  fore  ^n(0  cos({On/+q)„), 

that  in  its  output  voltage  in  the  composition  of  value  will 

enter  terns  of  the  type 


(4.3.25) 


Time  of  the  correlation  of  harmonic  interference  considerably 
exceeds  the  value  of  shift  f,.  Therefore  ten  Rni'^r)  has 

sufficiently  large  value  (nearly  equal  to  the  power  of  the  affecting 
interference  ~)  and  "damps"  the  supplementary  useful  maxirauir,  of 
the  correlation  function  of  signal.  Consequently,  the  presence  of 
single  harmonic  interference  can  cause  a considerable  decrease  in  the 
freedom  from  interference  of  system  with  time-correlation  modulation. 
The  latter  fact  impedes  the  work  of  such  systems  in  the  loaded 
frequency  bands.  For  the  suppression  of  harmonic  interferences  it 
expedient  to  utilize  their  rejection  on  the  input  of  receptoL  ot  to 
apply  the  special  diagrams  of  compensation  [11]. 
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possible  to  organize  the  radio  coanunication  between  the  large  naaber 
cf  subscribers,  placed  on  certain,  usually  liaited,  the  territories 
during  the  only  condition  that  the  power  of  transmitters  and  receiver 
sensitivity  are  sufficient  for  provision  within  the  limits  of  the 
datuB  of  the  territory  of  each  subscriber's  confident 
coBBUnication/connection  with  each,  in  widespread  at  present  systems 
of  the  multichannel  communication,  in  which  comaon  broadband  channel 

is  taken  also  usually  in  the  range  of  VHP  and  is  condensed  by  the 
large  number  of  channels,  intended  for  the  joint  of  two  terminal  and 
sometiBes  several  intermediate  point/items,  the  broadband  systems  of 
kodovo-address  communication/connection  provide  the  conduct  of 
communication/connection  with  any  subscriber  of  this  grid/network 
with  any  by  other  virtually  independent  of  the  work  of  the  remaining 
pairs  of  the  subscribers,  the  conditions  of  communication/connection 
and  its  quality  in  this  case  are  obtained  such  as  in  usual  wire 
coBBUnication  in  the  case  of  use  automatic  telephone  station.  During 
the  dpplication/use  of  discrete-address  systems  is  provided  the 
effective  use  of  a frequency  band  and,  which  is  especially  important, 
there  is  no  need  for  central  commutation  station. 


Characteristic  for  the  systems  of  discrete-address 
coBBunication/connection  is  the  use  all  radio  stations  of  one  and  the 
saBe,  usually  sufficiently  wide,  the  frequency  spectrum,  selected  in 
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the  range  of  VHP  or  DMV  without  the  frequency  retuning  of  the 
transBitting  and  receptors,  which  considerably  simplifies  both 
equipment  itself  and  its  operation. 

Page  219. 

Unique  working  tuning  elements  in  subscriber  are  the  selector  of 
address  and  the  regulator  cf  loudness,  i.e.,  the  same  as  of  usual 
telephone.  As  an  example  let  us  let  us  point  out  to  the  commun icciting 
system  RADAS  (see  §5.4),  intended  to  use  in  tactical  coaponent/link 
and  described  into  1964  [93],  which  provides  the  conduct  of 
communication/connection  in  grid/network  of  3400  subscribers,  placed 
in  territory  by  48  X 125  km.  In  system  is  utilized  the  frequency  band 
300-400  MHz  and  is  allow/assumed  the  simultaneous  conduct  of  680 
communication/connections.  Subscriber's  selection  and  call  is 
realized  by  simple  pushbutton  switching. 

It  is  known  that  the  simultaneous  transmission  of  signals  of 
one  but  that  more  out  of  different  point/items  in  one  and  the  same 
the  frequency  band  difficulties  does  not  cause.  At  the  same  tine  the 
simultaneous  reception  of  signals  in  one  and  the  same  the  frequency 
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band  is  connected  with  essential  difficulties  due  to  large  dofference 
in  the  levels  of  signals  and  interferences.  On  the  strength  of  this 
the  greatest  difficulties  in  designing  and  realization  of  such 
conaunicating  systems  appear  during  the  creation  of  receptors. 


As  already  mentioned  in  §1.4,  the  discrete  address  systems  can 
be  synchronous  and  asynchronous.  In  synchronous  systems  are  utilized 
orthogonal  signals;  in  this  case  the  separation  of  signals  in  the 
point/item  of  recaption  is  realized  relatively  simply,  since  the 
energy  of  orthogonal  signals  in  principle  they  can  be  completely 
divided. 

Typical  examples  of  the  use  of  orthogonal  signals  are  the 
systems  with  frequency  or  time/temporary  synchronous  pacAi ng/seal , 
the  widely  being  applied  in  wire,  radio  relay  and  tropospheric  lines 
communication/connections.  During  frequency  division  multiplex  the 

orthogonality  is  provided  for  all  possible  of  the  temporary 
displacements  between  signals;  the  spectra  of  signals  do  not  overlap. 
During  synchronous  time-division  multiplex  is  provided  the 
time/temporary  diversity  of  signals,  whereupon  is  allow /assumed  the 
overlap  of  the  spectra.  The  transient  noises  are  not  fundamentally 
inherent  in  these  forms  of  packing/seal.  Their  presence  under 
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practical  conditions  is  caused  only  by  the  insufficient  accuracy  of 
the  realization  of  equipment  (insufficient  linearity  of 
cascade/stages,  the  imperfection  of  the  characteristics  of  filters, 
inaccuracy  in  the  synchronization,  etc.). 


Page  220. 


in  asynchronous  address  systems  are  applied  nonorthog onal 
(quasi-orthogonal)  signals.  The  signals  of  the  different  subscribers 
in  such  systems  can  overlap,  also,  on  time  and  in  frequency.  Are 
possible  two  cases  of  nonor thogona 1 signals.  In  the  first  case  the 
signals  virtually  completely  overlap  in  frequency  and  on  time.  Total 
energy  of  all  nixing  subscribers  (signals)  affects  in  this  case  the 
receiver,  which  drives  one  subscriber’s  reception  as  interference.  An 
«xaaple  of  this  system  was  already  mentioned  system  RADAS.  In  the 
Second  case  the  signals  of  the  different  subscribers  I overlap  on 
tine  and  in  frequency  only  partially. 


Central  and  at  the  sane  time  complex  problem  during  the  design 
of  asynchronous  address  connunicat ing  systems  is  the  separation  of 
nonor thogonal  signals  on  the  basis  of  address  sign/criterion.  In  this 
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case  out  of  the  very  principle  of  the  use  of  nonorthogonal 
(overlapping)  signals  escape/ensues  the  inevitability  of 
interferences  or  as  them  frequently  they  call,  the  ”noises  of 
nonorthogonality",  serious  difficulties  during  the  creation  of  such 

systems  they  appear  also  due  to  the  possibility  of  the 
formation/education  of  the  signals  of  all  subscribers  and 
forma tion/education  of  excess  momentum/im pulse/pulses  because  of  the 
conditions  of  propagation  or  interferences.  Large  advantage  of 

asynchronous  address  systems  - in  the  absence  of  the  need  for  precise 
synchronization  of  system.  This  makes  them  simpler  on 

equipment/device  and  more  flexible  in  operation  it  is  facilitated  the 
admission  of  the  new  subscribers  into  the  common  communication 
channel;  appears  the  possibility  of  the  operational  control  of  an 
entire  system  with  the  aid  of  the  special  address  of  interruption; 
possibly  the  use  of  simple  repeaters;  easily  are  solved  the  questions 
of  a change  in  the  number  of  subscribers,  organization  of  conference 
service  and  some  others. 


The  interesting  special  feature/peculiarity  of  discrete-address 
systems  is  their  ability  to  self-regulation,  which  is  comprised  in 
the  fact  that  with  an  increase  in  the  number  of  simultaneously 
working  subscribers  deteriorates  the  quality  of 
communicati on/connection.  But  this  leads  to  the  fact  that  the 


DOC  = 77180122  PAGE 


subscriber,  at  whose  report/coBmunicat ion  does  not  represent  special 
urgency,  itself  will  wait  more  favorable  torque/BOBent  for  a 
COBB unication/connection. 

Page  221. 

EBphasizing  the  positive  sides  of  discrete-address  systeBS,  at 
the  saae  tiae  it  is  necessary  to  keep  in  Bind  that  the  provision  for 
a reliable  coaaunication/connection  with  all  surrounding  stations 
within  the  limits  of  the  assigned  territory  with  any  point/item  of 
arran genent/per But ation  proves  to  be  all  the  saae  sufficiently 
difficult  problea:  in  subscriber,  who  accepts  station  with  the  low 
signal  level  (aoved  away) , can  render/show  many  neighbors,  which 
create  the  considerably  greater  strength  of  field.  This  leads  to  the 
high  probability  of  obtaining  false  informational 

Boaentun/iapulse/pulses  (interferences) , since  the  latter  will  be 
created  even  with  the  imprecise  incidence/impingeaent  of  foreign 
Boaen tuB/iapu Ise/pulses  in  the  temporary  positions,  which  correspond 
to  the  adopted  correspondent.  Under  the  actual  conditions  of  the  work 
of  the  large  number  of  subscribers  in  limited  territory  turn  out  to 
be  necessary  supplementary  organizational  measures  for  a decrease  in 
such  interferences.  Specifically,  apparently,  it  is  expedient  to 
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divide/aack  off  territory  into  individual  sections  with  the 
reaoval/di version  of  their  its  frequency  ranges,  using  extensively  in 
this  case  repeaters.  It  is  expedient  also  to  realize  a flexible 
■anner  by  the  powers  of  radio  stations. 


In  the  subsequent  paragraphs  of  this  chapter  the  questions, 
which  relate  to  realization  and  the  aost  iaportant  properties  of 
discrete-address  systeas,  are  examined  in  greater  detail. 


§5.2.  Formation  and  the  decoding  of  signals  in  discrete-address 
sy  ste  as. 


llith  the  formation  of  broadband  signal  in  the  systems  of 
discrete-address  coaaunication/connecticn,  intended  for  the  conduct 
radio  telephone  exchange,  must  be  consecutively  solved  three,  largely 
independent  problems. 


The  first  task  is  transformation  of  the  telephone  (vocal) 
signal,  which  is  subject  to  the  transmission  frca  continuous  to 
discrete.  The  second  task  is  introduction  into  this  signal  of  the 
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address  sign/criterion,  which  ensures  the  reception  of  signal  only  by 
that  correspondent,  to  whoa  it  is  intended.  The  third  task  is 
foraation  of  noise-like  signal  at  subcarrier  and  carrier  frequency, 
i.e.,  introduction  into  the  foraed  pulse  group  of  high-frequency 
filling. 


Let  us  exaaine,  by  which  paths  are  solved  these  probleas.  For 
the  discreteness  of  continuous  voice  signal  is  forn/shaped  the 
sequence  of  the  aoment ua/iapulse/pulses,  following  with  the 
deterained,  so-called  clock  frequency. 


Page  222. 


It  is  selected  usually  two  or  three  times  higher  than  greatest 
frequency  out  of  the  spectrua  of  the  aodulating  voltage,  i.e.,  on  the 
saae  foundations,  as  this  is  made  in  all  systems  of  pulse  modulation. 
The  typical  value  of  this  frequency  is  8 kHz.  In  this  case  the 

interval  between  ao^entua/iapulse/pulses  is  124  ps.  The  sequence  of 
the  aoaentua/iapulse/pulses  of  clock  frequency  undergoes  further 
modulation  in  accordance  with  the  voltage  of  the  which  is  subject  to 
transmission  voice  signal.  The  greatest  practical  interest  they 


r/ 


represent  three  possible  forns  of  oodulation:  phase  pulse  aodulation 
(pulse  position  aodulation) « pulse-code  aodulation  (KIN)  and  delta 
aodulation  (DN) . In  comparison  with  other  possible  forms  of 
modulation  pulse  position  aodulation,  of  KIN  and  DN,  they  provide 
with  reception  considerably  higher  freedom  from  interference,  since 
the  amplitude  and  the  shape  nodulated  pulses  when  using  these  forns 
of  modulation  infornation  will  not  bear.  Recording  the  transmitted 
signals  in  receptor  is  realized  only  on  the  presence  or  the  absence, 
as  this  will  be  shown  sonewhat  below,  the  appropriate  modulated 
mo nen tun/impulse/pulses. 


In  the  case  pulse  position  modulation  with  respect  to  the 
instantaneous  values  of  the  modulating  voltage  changes  the  temporary 
situation  of  clock  momentum/impulse/pulses  relative  to  their 
positions  in  the  absence  of  modulation  (Fig.  5.2.1). 

In  the  case  of  KIM  to  each  instantaneous  value  of  the  modulating 
voltage  (which  it  is  taken  at  the  torque/moment  of  the  generation  of 
clock  momentum/impulse/pulse)  corresponds  its  code  sequence  of 
shorter  momentum/impulse/pulses. 
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• 5 • 2 • 1 • 

Key:  (1).  ClocK  Boaentue/inpulse/p ulses.  (2).  Modulating  voltage. 

(2).  Clock  momenta  B/iapulse/pu  Ises  after  pulse  position  modulation 
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In  other  words,  the  instantaneous  value  of  the  nodulatinq  voltage 
transmits  in  the  form  of  binary  number,  the  binary  units 
corresponding  to  the  presence  of  momentun/impulse/pulse,  and  binary 
zero  - to  its  absence  (Fig.  5.2.2). 

Fundamental  pulse  repetition  rate  with  KIH  is  defined  as  the 
product  of  the  number  of  bits,  accepted  for  a coding,  for  the 
repetition  frequency  of  deck  momentum/iapulse/pulses.  For  the  case 
of  five  discharges  and  clock  frequency  8 kHz  it  is  obtained  equal  to 
40  kHz;  the  respectively  time  interval  between 
momentum/iapulse/pulses  is  equal  to  25  ps:« 

With  in.  the  information  about  the  instantaneous  value  of  the 
modulating  voltage  transmits  also  with  the  aid  of  binary  code.  For  a 
realization  in.  into  system  is  introduced  the  special 
equipment/device,  which  reveal/detects  value  and  the  direction  of  a 
change  in  the  modulating  stress  on  the  section  between  clock 
momentua/impulse/pulses.  If  on  this  section  between  clock 

moaentum/impulse/pulses.  If  on  this  section  the  voltage  (envelope)  of 
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signal  does  not  change  or  changes  less  than  by  the  determined  value, 
then  at  the  output/yield  of  deltbta- modulator  goes  the  periodic 
sequence  of  subpulses:  regular  sequencing  of  prem ise/iapulse  - pause. 
If  on  the  section  between  clock  Bomentum/impu Ise/pulses  the 
Bodulating  voltage  grow/rises,  then  goes  the  continuous  cycle  of 
preaise/iapulses,  while  if  it  drops,  there  are  no  premise/impulses. 
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Pig.  5.2.2. 


Key;  (1).  pss.  (2).  Level.  (3).  Code  combination  to  level.  Page  224. 


Schematically  this  clarified  Fig.  5.2.3;  there  gives  the  simplified 
block  diagram,  which  ensures  the  realization  of  delta  modulation. 


A characteristic  difference  of  KIM  and  DM  from  pulse  position 
modulation  is  the  fact  that  with  of  the  first  two  forms  of  modulation 
the  momentum/impulse/pulses  appear  or  do  not  appear  at  the  completely 
defined  torque/moments  of  time,  h that  time  as  with  pulsa  position 
modulation  time  of  the  appearance  of  a momentura/impulse/pulse 
previously  unknown.  This  difference  can  be  used  on  receiving  end  for 
an  increase  in  the  freedom  from  interference  of  the  reception  of 
signals  KIM  and  DM,  since  appears  the  possibility  during  the 
provision  for  a synchronous  working  of  receiver  and  transmitter  of 
black-out  effect  into  the  pauses  between  the  intervals,  when  is 
waited  for  the  appearance  of  a momentum/impulse/pulse 
(gating/strobing)  ; at  this  time  the  signals  of  other  stations  for 
receiver  affect  will  not  be.  With  the  pulse  position  modulation  of 
this  possibility  no,  since  to  predict  time  of  the  appearance  of  a 
pulse  is  impossible. 


PAGE  -4< 


DOC  = 77180122 


U unmezpam)p\ 


ModuiHjpgio-  Cxet 
mee  cpao! 
nanpmceHue\_!!!. 


TpuBiep 


DOC  = 77180122  PAGE 

Fig.  5.2.3. 

Key:  (1).  integrator.  (2).  Modulating  voltage.  (3).  Comparison 

circuit.  (4).  Erection  into  square.  (5).  Modulator.  (6).  Flip-flop. 
(7).  Output/yield.  (8).  Clock  pulse  generator.  Page  225. 


Let  us  note,  however,  that  the  synchronous  working  of  receiver  with 
respect  to  transmitter  is  necessary  also  for  a reception  pulse 
position  modulation. 


The  following  task  of  the  signal-shaping  circuit  of 
kodovo-address  communication/connection  is  imparting  the  modulated 
sequence  of  the  momentum/impulse/pulses  of  the  address 
sign/criterion,  characteristic  only  for  this  subscriber.  For  this 
purpose  each  separate  momentum/impulse/pulse  is  coded  by 
transformation  into  the  specific  group  of  new  pulses  (subpulses)  , 
which  in  the  further  stages  of  the  formation  of  broadband  signal 
obtain  high-frequency  filling;  during  the  introduction  of 
high-frequency  filling  noise-like  signal  also  obtains  address 
sign/criteria,  since  high-frequency  filling  of  subpulses  for  all 
subscribers  can  be  identical,  different  for  different  subscribers, 
different  for  different  subpulses,  it  can  smoothly  or  discretely 
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change  on  the  specific  for  this  subscriber  law,  etc. 

Obtaining  the  specific  group  of  subpulses  (coding)  can  be 
realized,  for  exaaple,  with  the  aid  of  delay  line,  with  a series  of 
re Boval/outlets,  as  this  is  shown  in  Fig.  5.24.  The  general  duration 
of  each  group  of  subpulses  nust  be  not  nore  than  the  half  of  the 
interval  between  the  neighboring,  the  initial  nodulated 
■one ntuB/in pulse/pulses  (for  a pulse  position  modulation)  and  the 
■ore  whole  interval  for  the  case  of  KIH  and  DM,  of  course,  taking 
into  account  the  fact  that  the  intervals  anong 

BonentuB/inpulse/pulses  in  these  cases  are  substantially  less. 


PAGE 
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Key:  (1).  Pine  of  delay.  (2)  and  address.  Page  226. 


Figure  5.2.4  shows  groups  of  subpulses  for  two  subscribers  of 
grid/network.  The  group  of  1st  subscriber's  subpuls'es  is  formed  from 
3,  4,  b,  9 and  11th  reaoval/outlets  of  the  line  of  delay,  but  the 

th 

2nd  subscriber  - from  1,  2,  5,  7,  8 and  10-^.  In  these  examples  for 
the  different  subscribers  are  utilized  the  only  different  (besides 
the  1st)  removal/outlets,  which,  even  if  desirably,  but  in  the 
general  case  it  is  not  necessary;  part  of  the  removal/outlets  can  be 
coamon/general/total  for  a series  of  the  subscribers.  As  a rule,  code 
is  formed  only  by  internal  time/temporary  pulse  separations; 
therefore  1-f\  removal/outlets  is  utilized  in  the  codes  of  all 
subscribers. 


The  address  sequenceof  subpulses  can  be  formed  also  with  the  aid 
of  the  circuits  of  registers,  as  this  was  already  clarified  in  §1.2. 
In  these  cases  the  sequence  of  subpulses  begins  to  be  form/shaped  on 
the  admission  of  clock  momentum/impulse/pulse  (from  modulator)  . The 
duration  o^  subpulses  and  their  number  in  the  interval  between  two 
momentum/impulse/pulses  is  assigned  by  the  frequency  of  the  cadence 
generator,  entering  the  circuit  of  register. 
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The  versions  of  addresses  (without  taking  into  account  of  the 
possibilities  of  a variation  in  the  frequency  filling  of  subpulses) 
are  deternined  by  the  nuaber  of  cascade/stages  in  register  and  are 
provided  by  switching  in  it  feedback. 


For  the  concrete/specif ic/ act ual  circuit  of  register  is  a series 
of  versions,  which  ensure  the  maxiaum  length  of  cycle,  which  is 
determined  by  the  expression 

2"  + 2"'  + 1. 

In  this  expression  n - the  number  of  step/stages  of  register, 

- the  number  of  the  step/stage,  to  which  is  realized  the  feedback. 
Fornula  is  valid  for  a code  with  foundation  two. 

As  an  example  let  us  let  us  point  out  that  in  one  of  the  systems 
of  broadband  coaau nication/connection  [19],  that  in  somewhat  more 

detail  examined  in  §5.4,  in  the  circuit  of  register  is  utilized  17 

-th 

flip-flops  with  two  versions  of  feedback  - on  3-|^and  to  1 ^ 

cascade/stages.  The  first  version  is  utilized  for  the  transmission  of 
the  presence  of  subpulse  ("one"),  and  by  the  second,  i.e.,  the 


( 
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absence  o£  subpulse  (•*  zero”).  In  this  case  for  the  transmission  of 
each  value  of  binary  information  (nodulated  cloch 
nonentun/inpulse/pulse)  is  utilized  the  sequence  of  63  subpulses. 
Calculations  indicate  that  with  this  number  of  subpulses  it  is 
possible  to  ensure  2080  intermittent  combinations.  However,  since 
some  combinations  have  between  themselves  considerable  tine 
correlation,  a number  of  virtually  advisable  combinations  it 
decreases  approximately  two  tines. 


Page  227. 


The  further  task  of  the  formation  of  the  broadband  signal  of 
kodovo-  address  communicaticn/connection  is  an  introduction  into  the 
formed  word  of  subpulses  of  high-frequency  filling,  i.e.,  the 
formation  of  broadband  signal  at  carrier  or  sub-carrier  frequency.  As 
has  already  been  spoken  above,  in  this  case  usually  also  is 
introduced  into  signal  address  sign/criterion. 


Let  us  examine,  as  is  solved  this  question  in  the  systems  with 
coding  concerning  the  theory  of  frequency-time  matrix/die,  which  was 
some  of  the  first  systems  of  broadband  conmunication/connection  and 
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which  obtained  propagation  in  the  realized  radio  conaunica tion 
systeas.  In  these  systeas  each  of  the  subpulses  obtains  its,  one  of  a 
of  the  possible  (in  the  diagraa  of  Fig.  5.2.6  a = 4)  high-frequency 
fillings,  which  differ  in  frequency  (f|,  f^,  fj  or  f4) . These 
sub-carrier  frequencies  resound  along  the  axis  of  frequencies  up  to 
such  distances  in  order  that  the  overlaps  between  pulse  spectra 
virtually  would  not  be.  Modulator  circuits  choaprise  in  such  a way 
that  the  subcarriar  voltages  frequencies  would  proceed  to  group 
aaplifier  only  during  the  arrival  of  subpulse.  The  signals  of  all 
frequency  subchannels,  and  then  it  will  be  m,  they  are  united  in 

group  aaplifier  and  are  eaitted  by  transaitter  on 
coBBon/general/total  to  carrier  frequency. 


The  totality  of  the  tiae  intervals  of  subpulses  and  frequency 
fillings  is  accepted  to  call  frequency- tiae  aatrix/die  (ChVH).  For 
the  exaained  case  - three  subscribers,  seven  reaoval/outlets  of  the 
lines  of  delay  and  four  sub-carrier  frequencies  - Ch??l  is  represented 
in  Fig.  5.2.5.  The  general  block  diagraa  of  the  foraation  of 

broadband  signal  is  represented  in  Fig-  5.2.6.  Discreteness  of  voice 
signal  and  aodulation  of  clock  aoaentua/iapulse/pulses  is  carried  out 

in  cell/eleaents  1 and  2.  The  foraed  by  delay  line  sequence  of 
subpulses  obtains  high-frequency  filling  in  the  cell/eleaents, 
designated  in  the  diagraa  in  letters  N.  Page  228. 
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Fig.  5.2.5. 

Key:  (1).  Positions  of  subpulses.  (2) . ^ subscriber. 


Fig.  5.2.6. 

Key:  (1).  Voice  signal.  (2).  Pulse  aodulator.  (3).  Delay  line.  (4). 

Generator  clock  frequencies  are  2.  (5)  . Generators  of 

sub-carrier  frequencies  m = 4.  (6) . Group  amplifier.  (7) . To  ; 

transmitter.  \ 

i 

I 

i 

Fig.  5.2.7.  Page  229.  i 

Let  us  examine  now  some  fundamental  principles  for  the  circuits  ^ 

of  coding  in  asinx ronno-address  systems  from  ChVN.  The  distance 

between  subpulses  in  group  A't'  (Fig-  5.2.7)  is  connected  with  the  ^ 

duration  of  the  group  of  subpulses  and  the  number  of  the 

temporary  positions  of  subpulses  S by  the  following 
relationship/ratio: 


1 


t 

1 

I 

I 

I 


The  niniauB  value  is  selected  taking  into  account  the  need 

dL 

for  the  clear  discrimination  of  the  subpulses,  which  stand  on 
adjacent  tenporary  positions.  If  we  consider  that  the  passband 
receiving  and  transmitting  circuits  is  sufficiently  wide,  then  the 
expansion  of  subpulses  will  occur  only  in  the  process  of  propagation 


due  to  the  reception  of  the  echo  signals  and  multi-beam  propagation. 
It  is  not  difficult  to  understand  that  must  be  more  than . 2'+- ^ 

where  t is  a duration  of  subpulse  at  the  transmitting  end/lead,  a 2^ 
- the  expansion  of  subpulse  in  the  process  of  propagation  from 


transmitter  to  receiver.  The  repetition  frequencies  of  clock 
Bomentum/impulse/pulses  F^- ^ as  has  already  been  spoken,  it  is 
selected  equal  to  (2-3)  ; a f he  displacement/movenent  of  an 

entire  group  of  subpulses  in  the  process  of  modulation  (with  IFn) 
direct-connected  with  the  period  of  clock  momentum/impulse/pulses  and 
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■ust  not  exceed  / JZ 


The  total  number  of  possible  addresses  for  the  special  case, 
when  there  is  the  only  one  sub-carrier  frequency,  i.e.,  for  the  case 
only  of  time/temporary  coding  of  address  (addresses  differ  only  in 
terms  of  time  intervals  between  momentuB/impulse/pulses)  , it  is 
determined  by  the  expression 

A/'  = C;z}  (5.2.2) 

- by  the  number  of  combinations  of  the  number  of  temporary  positions 
without  unity  (s  - 1)  from  the  number  of  subpulses  in  group  also 

without  one  (n  - 1)  , bearing  in  mind  that  the  first 

momentum/impulse/pulse  is  always  fix/recorded  on  the  first  position. 
For  an  example  let  us  let  us  point  out  that  with  s = 6 and  n = 3 
(Fig.  5.2.8) 


H 


/_  (^  — 1)1  _ 1-2-3-4-5 

{n—  — 1 • 2 • I • 2 • 3 


= 10. 


All  these  versions  are  shown  in  Fig.  5.2.6 
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If  we  have  several  sub-carrier  frequencies  (m  > 1)  , the  total 
anount  of  the  addresses 


N 


I - 0 


(5.2.3) 


where  Cm— 
of  sub-carrier 
in  group  (n)  ; 


n!(m— n)I 

frequencies 


the 

(■) 


number  of  combinations  of  the  number 
according  to  the  number  of  subpulses 


^ ' - the  number  of  combinations  of  the  number  of  subpulses 

^ ri' 

in  group  according  to  the  number  of  their  possible  positions  (to 
number  of  removnl/o utlets  of  delay  line). 


Formula  (5.2.3)  is  valid  under  the  assumption  of  the  fact  that 
each  of  the  subpulses  of  this  group  has  their  frequency  filling 
(their  subcarrier)  . Let  us  note,  however,  that  is  possible  the 
construction  and  more  complex  than  ChVM,  when  on  one  carrier  are 


DOC  = 77180122 


PAGE 


arrange/located  not  one,  but  several  subpulses  of  code.  It  is 
necessary  to  keep  in  aind  that  froa  an  entire  totality  of  addresses, 
defined  by  foraula  (5.2.2),  for  practical  target/purposes  aost 
convenient  turn  out  to  be  only  those,  whose  all  tiae/temporary 
interval  differ  one  froa  another  both  within  the  address  and  between 
the  addresses  of  this  group.  Such  addresses  is  conventionally 
designated  as  rational.  The  number  of  raticnal  addresses  for  the 
case,  when  all  aoaentua/iapulse/pulses  have  one  frequency  filling  (a 
= 1) , is  determined  by  the  expression 


A^p*u  < 


S-l 


(5.2a) 


When  m > 1,  by  the  rational  addresses  it  is  accepted  to  call  such, 
which  do  not  have  identical  frequency-tiae  intervals.  Nuaber  of  such 
addresses 


2S-^l  _ 

Nvm<  ^2  ^n-f 


(5.2.5) 


I 
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Page  231. 

It  is  obvious  that  when  using  only  rational  addrassas  descends 
the  probability  of  the  formation/education  of  false  addresses  with 
the  simultaneous  arrival  of  signals  from  several  transmitters  they 
are  improved  the  condition  of  the  discrimination  of  addresses  under 

receptor. 


The  blocA  diagram  of  receiving  signal  scanner,  formed  on  the 
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block  diagram  of  Fig.  5.2.6,  is  given  in  Fig.  5.2.9.  Signals  from  all 
working  in  the  given  torque /momen t subscribers  are  passed  through  the 
common/general/total  input  amplifier,  they  are  transformed  into  the 
signals  of  interiediate  frequency  and  simultaneously  enter  lo  of 

filters  (according  to  the  number  of  the  sub-carrier  frequencies), 
after  which  are  included  the  delay  lines.  Each  line  has  a number  of 
removal/outlets  according  to  the  number  of  subpulses  in  group. 
Subpulses  in  the  derivations  of  delay  lines  after  detection  are 
supplied  to  adder  {cascade/stage  of  agreements),  at  output/yield  of 
which  is  form/shaped  the  resulting  momcntum/impulse/pulse  only  when 
will  enter  the  corresponding  to  this  subscriber  series  of  subpulses. 


DOC  = 77190122 


PAGE 


Fig.  5.2.9. 

Key:  (1).  Input  signal.  (2).  Inconing  signal.  (3).  UPCa.  (4).  Adder 
(cascade/stage  of  agreenents)  . (5).  Demodulator.  (6).  Filter.  Page 

232. 

Thus,  for  instance,  if  it  is  necessary  to  accept  the  subscriber,  to 
whom  corresponds  the  series  of  subpulses  depicted  on  Fig.  5.2.6,  to 
the  cascade/stage  of  agreements  are  supplied  the  subpulses  of  channel 
fi  from  the  6th  r emoval/outxet , channel  with  fj  of  from  the  4th  * 

removal/outlet  ao  d channel  fj  from  the  2nd  re  moval/outlet  of  delay 
lines.  Opon  this  connection/inclusion  of  this  subscriber's  subpulses 
they  will  enter  to  the  inputs  of  the  Cciscade/stage  of  agreements  ' 

simultaneously  and  at  output/yield  it  will  be  obtained  resultant  < 

momentum/impulse/pulse.  Upon  other  connection/inclusions  of  the 
removal/outlets  of  subpulse  from  delay  lines  they  will  enter  the 
cascade/stage  of  agreements  not  simultaneously  and  at  its 
output/yield  of  momentum/impulse/pulse  be  obtained  it  will  not  be. 

For  the  explanation  of  that  as  one  should  include  the 
cell/elements  of  the  decoder  with  of  another  subscriber,  the  series 
of  subpulse  of  whom  takes  the  form,  shown  in  Fig.  5.2.9  on  top  to  the 
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right,  in  the  figure  are  givan  dotted  lines.  After  the  cascade/stage 
of  agreenents  usually  is  included  the  selector  of  tha 
aoBentua/inpulse/pulses  of  duration  and  further  follows  the  pulse 
demodulator,  which  restores  the  voice  signal  of  the  car ras pond ing 
subsc  riber. 


By  examining  the  work  of  the  schematic  of  receptor,  it  is 
necessary  to  focus  attention  on  the  fact  that  after  the  iafiltering 
cf  common/general/total  signal  of  the  input  of  each  delay  line  enter 
simultaneously  several  (according  to  the  number  of  working  in  the 
given  torque/moment  subscribers)  independent  sequences  of 
momentum/impulse/pulses.  In  this  totality  of  momentum/impulse/pulses 
only  a small  fraction,  namely  those,  that  correspond  to  the  codethe 
subpulses  of  subscriber,  who  is  subject  to  reception,  are  necessary, 
i.e.,  by  workers.  With  the  large  number  of  subscribers  are  always 
possible  Such  combinations  of  the  nonoperative  subpulses  which  in 
random  combination  can  form  the  address  code  of  this  radio  station, 
i.e.,  create  false  informational  momentum/impulse/pulses  at  the 

output/yield  of  the  cascade/stage  of  agreements. 


i 

I 

{ 


It  is  natural  that  the  number  of  such  false  impulses  depends  not 
only  on  the  number  of  simultaneously  working  subscribers,  but  also  on 


the  technical  characteristics  of  the  cascade/stage  of  agreeaents.  The 
circuit  of  this  cascade/stage  can  be  realized  so  that  those  which 
coincide  will  consider  the  aomentu n/impulse/pulses  the  coinciding 
leading  edges,  or  so  that  coinciding  will  be  considered  the 
aoaen tua/iapulse/pulses,  which  overlap  on  certain  (of  course, 
desirably  possibly  snaller)  to  the  interval  of  time  and,  ate. 


page  233. 

The  accuracy  of  the  required  agreeaent  will  be  deterained  by  the 
accuracy  of  the  circuit  paraaeters,  and  therefore  for  tha  accuracy  of 

the  circuit  parameters  they  aust  be  produced  are  sufficiently 
stringent  requirements.  The  false  impulses,  which  unavoidably  appear 
at  the  output/yield  of  the  cascade/stage  of  agreements,  can  form 
false  addresses  and  lead  to  the  noises  of  nonorthogonality,  which 
relate  to  so  the  one  who  is  called  to  system  interferences.  These 
noises  usually  place  the  fundamental  limitation  to  an  increase  in  the 
permissible  number  of  simultaneously  working  subscribers. 


He  will  show  that  the  formation  of  noise-like  signal  to  carrier 
frequency  according  to  the  principle  of  frequency-time  matrix/die  is 
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not  only  possible  method.  Can  find  practical  application/use  also  the 

method,  with  which  are  utilized  the  pseudo-noise  signals,  shifted  in 
frequency.  In  this  case  to  each  unity  of  the  binary  information  of 
this  address  corresponds  the  signal  by  duration  T,  and  the  signals  of 
other  addresses  differ  in  terms  of  frequency  shift  by  the  value, 
multiple  1/T. 


The  signal  of  the  n address  in  this  case  takes  the  form 

z„  {t)  = z (f)  cos  [a>of  + nAwt  + ® (01.  0 < ^ < T, 

where  ♦ (t)  - pseudo-noise  signal  as  duration  T,  which  has  as  N 
of  bits; 


Wo  * carrier  frequency;  is  a frequency  shift. 


Pseudo-noise  signal  * (t)  in  turn,  is  form/shaped  with  delay 
line  or  with  register.  The  isolation/liberation  of  such  signals  in 
receptor  is  realized  with  the  aid  of  their  selection  in  frequency 
with  the  subsequent  processing  in  the  discrete  matched  filters. 
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Let  us  note  that  the  indicated  pseudo-noise  signals  did  not  have 
extensive  application  in  discrete- address  systeas. 


§5.3.  FceedoB  froa  interference  of  discrete-address  systaas. 


In  the  asynchronous  discrete-address  systeas,  intended  for  the 
siaultaneous  coaaun ication/connect ion  of  the  large  number  of 
subscribers  in  the  overall  frequency  band,  as  a rule,  for  the  purpose 
of  a decrease  in  charging  range,  i.e.,  decrease  in  the  interferences, 
are  applied  the  systems  with  passive  pause. 


Page  234. 


In  systems  with  passive  pause  by  each  subscriber's  transmitter  is 
emitted  the  broadband  signal  of  the  determined  form  in  alternation 

with  pauses. 


The  typical  representative  of  broadband  system  with  the  passive 
pause,  which  uses  pulse  noise-lihe  signals  and  the  discrete  matched 
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filters,  is  the  system  whose  description  was  published  into  1965  [19] 
and  data  on  which  were  given  in  §5.4. 


The  freedom  from  interference  of  this  system  during  the 
transmission  of  binary  information  with  the  aid  of  preaise/impulses 
and  pauses  equal  prolonged  for  the  case  of  channel  with  the  constant 
parameters  and  the  fluctuating  interference  in  transmission  of 
pseudorandom  sequence  of  63  momentum/impulse/pulses  is  characterized 
by  curve  1 (Fig.  5.3.1),  constructed  on  the  basis  of  the  given  in 
worh  [19]  experimental  data. 


Page  235. 

ilong  the  Y-axis  is  here  deposit/postponed  h*  = V ^ i.  e.  the 

ratio  of  the  energy  of  the  cell/element  of  signal  to  the  spectral 
density  of  the  additive  fluctuating  interference  at  the  input  of 
receptor,  while  along  the  axis  of  ordinates  the  probability  of  errors 
in  the  reception  of  discrete  information.  Let  us  note  that  the 
intelligibility  of  continuous  report/communications  (voice  signal)  is 


I considered  satisfactory  with  incorrect  reception  not  more  than 

I two-three  cell/elements  of  100,  in  other  words,  the  probability  of 


DOC  = 77190122 


PAGE  XS'AO 


errors  with  reception  must  not  be  worse  (3-4)  • 10  *.  This 

probability  of  errors  is  provided  for  the  system  in  question  with  h* 

^ 15. 

Have  practical  propagation  also  broadband  systems  with  separate 
processing  the  orthogonal  components  of  received  signal.  The  energies 

of  these  components  are  usually  identical. 


The  simplified  block  diagram  of  the  receptor  of  system  for  the 
case  of  the  quadratic  addition  of  the  output  voltages  of  the  branches 
of  separate  processing  signals  is  given  in  Fig.  5.3.2.  The 
transmitted  signals  in  this  system  are  represented  in  the  form: 


Zj  (f) = zi”(f)  + . • • +zi"^(0; 

Zj  (0  = 0. 


where  the  components  Z-  ^ ^ of  i = 1»  2«  ...#  n of  serrated  signal 
satisfy  the  condition  of  orthogonality  under  the  Intensive  sense. 


L 
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Key:  (1).  Hatched  filters.  (2).  Square  law  detectors.  (3).  Input. 

(4).  Circuit  of  lultip  licat  ion.  (5).  Stability  thresholds.  (6)  . 
Reference  systani.  (7).  Output/yield.  Page  236. 


The  energies  of  all  components  are  identical  and  equal  to 
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(5.3.2) 


vhere  T - the  duration  of  the  cell/e lement  of  signal; 


n - t he  nunber  of  branches  of  separate  processing  signal. 


Figure  5.3.1  gives  curves  (curves  2 and  3),  characterizing  the 
probability  of  the  error  depending  on  h*  and  constructed  on  the  basis 
of  the  materials  [31].  Curve  2 corresponds  to  the  case,  when  there 
are  three  branches  of  separate  processing  (n  = 3),  curve  3 - to  the 
case  of  five  branches.  An  increase  in  the  probability  of  erroneous 
reception  with  an  increase  of  the  number  of  branches  of  separate 
processing  components  is  caused  by  the  fact  that  in  circuit  is 
applied  nonoptimai  processing  the  addition  of  signals  on  envelope  and 
because  of  this  occ urs  the  loss  of  the  information  about  the  initial 
phase  of  high-frequency  filling. 
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The  decisive  circuit,  given  in  Fig.  5.3.3.,  differs  froa  in 
teras  of  the  exaained  above  fact  that  the  solution  to  transmission  Zj 
(t)  is  accepted  only  if  output  potentials-  of  each  detector  exceed  the 
determined  threshold  level,  otherwise,  if  the  voltage  at  least  in  one 
of  the  branches  does  not  exceed  threshold  level,  is  accepted  the 
solution  to  transmission  X2  (t)  . 


I 
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F / ^ . 3 , *3 . 

Keys  (!)•  Hatchei  filters.  (2).  Square  law  detectors.  (3).  Reference 
system.  (4).  Input.  (5).  Coincidence  circuits.  (6).  Output/yield. 

Page  237. 

Figure  5.3.1  gives  the  curves  of  the  dependences  of  the 
probability  of  error  p on  h*  with  n = 3 (curve  4)  and  n = 5 (curve 
5),  constructed  also  based  on  materials  [31]. 

As  can  be  seen  from  the  comparison  of  curves  in  Fig.  5.3.1,  by 
the  best  freedom  from  interference  in  channel  with  the  constant 
parameters  and  the  fluctuating  interference  possess  address  systems 
with  the  discrete  matched  filters  and  systems  with  separate 
processing  components  from  subsequent  quadratic  addition.  The  freedom 
from  interference  of  such  systems  is  approximately  identical.  The 
worst  freedom  from  interference  possess  systems  with  the  reading  of 
the  voltage  in  each  branch  of  processing.  The  energy  loss  of  such 
systems  with  respect  to  the  first  composes  at  the  probability  of 
error  10~*  value  of  approximately  5 dB.  From  the  results  of  the 
examination  of  noise-resistance  it  follows  also  that  in  systems  with 
separate  processing  is  expedient  the  use  of  a relatively  small  number 
of  components  (n^  5),  i.  e. , the  signals  of  a comparatively  simple 
form.  An  increase  in  the  amount  of  components  can  cause  a noticeable 
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decrease  in  the  freedoa  from  interference  of  such  systems. 

In  conclusion  of  paragraph,  let  us  note  that  an  essential  effect 
on  the  freedom  from  interference  of  asinxronno-addresssystems  have 
not  only  the  noises  of  the  communication  channel,  but  also  the 
interferences,  are,  as  was  noted  above,  the  noises  of  the 
nonorthogonality  of  those  utilized  by  different  correspondents 
signals.  These  noises  limit  the  number  of  simultaneously  utilized 
radio  stations. 

The  given  in  Fig.  5.3.1  curves  makes  it  possible  to 
rate/ estimate  the  permissible  number  of  simultaneously  working  radio 
stations  depending  on  the  level  of  their  interferences,  fluctuating 
noise  and  base  of  the  utilized  signals.  Let  M be  a number  the 
simultaneously  working  in  this  band  F radio  stations.  Let  us  assume 
that  the  power  and  the  durations  of  signals  of  all  radio  stations  are 
identical  and  equal  to  respectively  and  T.  Furthermore,  let  us 

consider  that  value  fi  is  sufficiently  great,  in  consequence  of  which 
the  resulting  interference,  formed  (M  - 1)  by  those  mixing  signals, 
is  normal  random  process  with  zero  mathematical  expectation  and 
dispersion  OBn=  where  vgn  - the  spectral  density 

of  interference. 


J 

I 


i 

j 


j 


1 
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where  or  1 - certain  correction  factor,  determined  by  the  structure 
of  the  utilized  signals,  more  precise,  by  the  properties  of  their 
mutually  correlated  functions;  for  perfect  (in  the  sense  of  the 
smallest  possible  value  of  mutually  correlated  function)  signals  a = 

1. 


As  a result  of  the  presence  of  interferences  with  spectral 
density  (5.3.3)  the  resulting  quantity  of  spectral  noise  density 
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«'  = 4 + v|„.  (5.3.4) 


where  is  the  spectral  density  fluctuating  interference  of  the 

coBaunication  channel.  1 

1 

I 

Then  the  value  of  the  ratio  of  the  energy  of  signal  to  spectral 
noise  density  takes  the  form 

ii 

I 

= (5.3.5) 

'?+v|n  i 


By  realizing  in  this  expression  simple  transformations  taking 
into  account  (5.3.3),  let  us  present  finally  value  h*  in  the 

following  form; 
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FT 


(5.3.6) 


«b«ce  hl=~. 

'•o 


Let  ^-j-p  required  for  obtaining  the  assigned 

probability  of  error  (tot  exanple,  10~*  or  10  value  h*.  Then  from 
(5.3.6)  we  obtain  the  permissible  number  simultaneously  working  in 
the  assigned  band  F of  asinxronno-address  systems,  whioh  is 
determined  by  the  relationship/ratio 
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S^o 


+ 1. 


(5.3.7) 


Froa  this  formula  it  is  evident  that  the  value  first,  is 

directly  proportional  to  the  has©  of  the  utilized  signals  FT,  i.e. , 
the  permissible  number  of  simultaneously  vorJcing  radio  stations 
grov/rises  with  an  increase,  for  example,  in  the  band  of  the  utilized 
signals. 


Page  239. 


In  the  second  place,  value  the  properties  of  signals,  i.e.,  at 

the  tendency  of  factor  1/a  to  one. 
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Purthernore,  as  can  be  seen  from  (5.3.7),  value  depends 

■2-  .X  X . 2. 


on  the  relationship/ratio  between  hyp  and  h^. 


If  h— p — h ^ , 


that 


but  if  h — > 


o 


CPj 


TP  ^ 

that  maximally  possible 


number  of  utilized  in  this  band  radio  stations 


^Aon  max  < T 1"  !• 

“ A* 

TP 


(5.3.8) 


L ^ 

Let,  for  example,  FT  = 10^,  a = 1 and  'ifp  = which 

corresponds  to  the  probability  of  the  error  of  order  10~*  in  systems 
with  the  discrete  matched  filters  or  with  quadratic  addition.  Then 

^non  max  ^24. 

The  more  detailed  information  about  the  procedure  of  calculation 
of  the  number  of  permissible  simultaneously  working 

asinx ronno-address  transmissions  in  the  assigned  band  F can  be  found 
in  works  [7,  40  and  53]. 
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§5.4.  Practical  systems  of  broadband  discrete-address 
conmunicat ion/c onnection* 


At  the  present  time  in  the  foreign  periodic  literature  published 
large  number  of  materials  about  the  discrete-address  systems, 
developed  by  different  firms. 


These  systems  are  very  diverse  in  their  designation/purpose,  in 
the  methods  of  formation  and  decoding  of  broadband  signal,  in  their 
technical  characteristics  they  are  recommended  both  for  the  military 

and  for  the  civil  application/use.  In  the  majority  of  the  cases  the 
detailed  characteristics  and  the  parameters  of  systems  on  are  given 
and  publication  have  to  high  degree  advertising  character.  Was  not 
establish/installed  the  terminology,  characterizing  or  classing 
already  obtained  the  realization  of  system. 


Page  240. 


To  the  basin  in  all  after  some  broadband  discrete-address  systems 
were  establish/installed  the  following  mostd  widely  use  designations: 
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RACEp  - Randoa  Access  Correlation  for  Extended  Performance  - the 
systea  of  arbitrary  subscriber's  call  with  correlation  for  an 
iaproveaent  in  the  characteristics;  RADAS  - Random  Access  Discrete 
Adress  Systea  is  a systea  of  arbitrary  subscriber's  call  by  discrete 
address;  RADEN  - Randoa  Access  Delta  Modulation  - the  systea  of 
arbitrary  subscriber's  call  with  delta  modulation. 


system,  which  uses  a coding  according  to  the  principle  of  ChVM 
(RASeP)*  Materials  about  this  discrete-address  radio-telephone 
communicating  system  were  published  in  1961  [46,  47].  The  system 
works  in  the  range  of  metric  and  decimeter  waves  and  provides  the 
simultaneous  work  of  70  subscribers  on  35  duplex  channels,  but  taking 
into  account  the  fact  that  the  transmitters  do  not  work  continuously, 
i.e«,  the  coefficient  of  the  use  of  channels  (set /assuming  it  equal 

to  0.1),  to  700  subscribers  without  essential  interferences.  With  a 
further  increase  in  the  number  of  simultaneously  working  subscribers 
is  observed  an  essential  increase  in  the  interferences  and  a 
coaaunication/connection  becomes  unsatisfactory.  For  a decrease  in 

the  interferences  in  system  is  provided  for  the  disconnection  of 
transmitters  for  a period  of  pauses  in  conversation.  For  all  channels 
is  utilized  coaaon/general/total  frequency  channel  4 MHz  wide.  To 
systea  it  was  developed  in  several  versions.  Movable  the  version  of 
equipment  provides  range  to  3.2  km,  and  portable  to  25  ka.  The 
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ficB*  which  developed  this  system,  indicates  the  large  number  of 
possible  versions  of  its  use  for  the  civil  and  military 
target/purposes. 


The  simplified  block  diagram  of  transmitter  is  given  in  Fig. 
5,4.1.  The  momentum/impulse/pulses  from  clock  pulse  generator, 
modulated  on  position  (pulse  position  modulation),  come  the  course  of 
delay  line,  from  removal/outlets  of  which  after  the  admission  of  each 
clock  momentum/impulse/pulse  is  remove/taken  the  series  of  the 
subpulses,  the  time  intervals  between  which  are  determined  by  the 
selected  removal/outlets  from  the  lines  of  delay.  The  numbers  of  the 
selected  removal/outlets  are  switched  in  special  equipment/device  and 
are  the  parameter  of  address  code. 


Page  241. 


These  subpulses  open/disclose  the  gates,  which  pass  to  group  voltage 
amplifier  with  a frequency  of  fi,  fa,  fm  from  the  separate 
oscillators.  The  frequencies  fj,  fj,  fj  can  be  establish/installed  by 

subscriber  and  also  are  one  of  the  parameters  of  address.  At  the 
output  of  group  amplifier  are  obtained  high-frequency  subpulses  at 
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different  frequencies  in  accordance  with  the  taken  f requency-tiae 
■atrix/die,  i.e,,  by  called  subscriber's  address  code.  As  an  exaaple 
Fig.  5.4.1  shows  ChVH  for  two  subscribers.  Respectively  in  the 
switching  eguipaant/de vice  is  shown  coBBUtation  for  the  1st 
subscriber  (solid  lines)  and  for  the  2nd  subscriber  (dotted  line) . 


The  block  diagram  of  receiving  part  is  given  in  Fig.  5.4.2. 
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Fig.  5.4.1. 


Key:  (1).  Voice  signal.  (2).  Pulse-phase  modulator.  (3»  . Delay  line. 

(4).  Clock  pulse  generator.  (5).  To  switching  equ ipment/ie vice . (6). 
1.  , 2.  , 3.  gates.  (7).  Generators  of  carriers  (sub-carrier 
frequencies).  (8).  Group  amplifier.  (9).  ChVM  the  1st  subscriber. 
Page  242. 


The  taken  and  converted  to  intermediate  signal  frequency  enter  three 
filters  - through  the  number  of  frequencies  Chvn.  After  filters  and 
the  decoding  of  subpulses  are  supplied  to  the  inputs  of  three  lines 
of  delay.  Delay  lines  are  included  mirror  to  the  inclusion  of  delay 
line  in  the  circuit  of  formation  at  the  transmitting  end/lead,  as 
this  was  clarified  in  §1.1.  Subpulses  in  the  removal/outlets  of  delay 
lines  through  the  switching  equipment/d evice  ace  supplied  to  adding 

circuit  (cascade/stage  of  agreements),  salient  output  pulse  only  when 
not  its  input  simultaneously  come  momentum/impulse/pulses  from  all 

delay  lines.  Necessary  correspondent’s  reception  is  provided  by  the 
conformity  of  filter  frequencies  to  oscillator  frequencies  at  the 
transmitting  end/lead  (fi,  fg,  fj)  and  by  the  commutation  of 
removal/outlets  from  delay  lines  to  adder.  On  the  block  diagram  of 

Pig.  5.4.2  in  the  switching  equipment/device  are  shown  two  cases  of 
commutation  for  the  reception  of  two  subscribers  with  respect  to  two 
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Pig.  5.4.2. 


Key:  (1).  Filter  ff  (2).  Delay  line.  (3).  UPCh.  (4).  Snitching 

equipment/de vice.  (5).  Adder-  (6).  Demodulator.  (7).  Output  signal, 
end  section. 


^ (D 


HeMO' 

dyjm- 

mop 


I BbfXOdHOQ 
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Prom  adder  the  momentum/impulse/pulses,  which  correspond  to  the 
modulated  clock  momentum/impu Ise/pulses,  are  supplied  to  the 
pulse-phase  demodulator,  which  isolates  the  initial  modulating 

signa 1. 


in  this  system  for  each  subscriber  are  provided  for  three 
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inforaation  with  another  subscriber  is  utilized  the  address  of  this 
subscriber's  call.  If  necessary  for  correspondent's  urgent  call,  who 
in  the  given  torgue/moaent  works  with  other,  is  provided  for  the 
address  of  interruption,  also,  if  necessary  for  the  establishment  of 
simultaneous  comau n ica tion/connect ion  with  all  correspondents  - the 
address  of  circular  call. 

Synchronous  sa mpled-data  system.  Below  broadband  synchronous 

communicating  system  [43J  is  intended  for  the 

radio-telephone  exchange  between  movable  objects  with  the  distances 
between  them  to  8 km.  Each  subscriber's  comraunication/connecti on  with 
any  by  other  as  in  other  di screte- address  systems,  is  realized 
without  intermediate  commutation  in  common/general/total  frequency 
channel.  In  system  are  utilized  pulse  noise-like  signals.  With  such 
signals  easily  is  realized  the  time-division  multiplex,  that  also  is 
realized  in  the  system  in  question.  The  subscribers,  who  work 
simultaneously,  utilize  different  time/temporary  channels  how  it  is 
provided  the  low  level  of  transient  interchannel  interferences.  The 
system  provides  the  simultaneous  work  of  19  pairs  of  the  subscribers 
(19  channels).  Whan  using  a delta  modulation  is  provided  the 
simultaneous  conduct  of  10  conversations  to  one  megahertz  of  the 
frequency  band. 


f 
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The  d iscretaness  of  voice  signal  conducts  by  means  of  the 

of  •’cuts”  with  the  frequency  of  quantization  40  kHz,  i-e.,  through 
every  25  jjS  . Since  channels  19,  and  segments  in  each  channel  follow 

through  25  jjS'^  time,  one  channel,  cannot  be  more  than  25/9  = 1.3 
)iS  « At  the  same  time  the  time/temporary  indeterminancy /uncertainties 
in  system,  which  are  composed  of  difference  the  p of  the  propagation 
time  of  signals  from  stations,  which  are  located  on  diffarent 
distance  (signals,  which  go  over  the  routes  of  different  extent,  they 
enter  receiver  displaced  through  time),  due  to  pulse  effect  arc 
considerably  more. 

i Page  244. 

> 

In  order  to  avoid  the  difficulties,  caused  by  these  reasons,  in 
system  is  utilized  the  method  of  the  accumulation  of  cuts.  The  large 

amount  of  cuts  is  accumulated  and  is  memorized,  and  then  it  transmits 
in  the  form  of  the  packet,  which  contains  the  information  about  400 

adjacent  cuts.  Receiver  in  turn  has  a device,  which  memorizes  the 
information  about  these  400  cuts  and  then  issues  alternately  each  cut 
through  25  ps* 
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With  this  nathod  immediately  transmits  the  information  about  40u 
cuts  and  to  the  transmission  of  the  cycle  of  the  packets  of  19 
channels  can  be  assigned  no  longer  by  25  psf,  but  400  times  is  mor  , 
i«e.,  10  ms,  from  which  420  ps#  is  utiliz''d  for  the  transmission  of 
information  to  each  channel,  100  ps»  - to  tue  shielding  interval/gaps 
between  channels  and  20  ps«  - to  the  transmission  in  the  beginning  of 
each  cycle  of  the  signal  of  synchronization  in  the  form  of  word  (10 
ps$)  . The  word  of  the  signal  of  synchronization  record/fixes  t hr 
beginning  of  new  cycle.  The  signal  of  synchronization  is  coded  with 
the  high  degree  of  excess  for  the  purpose  of  its  protection  from  the 

possible  interferences  from  enemy.  The  shielding  interval/gaps 
between  the  time/temporary  cuts,  abstract /removed  to  different 
channels  (100  ps*)  , are  selected  taking  into  account  difference  in 
time  of  the  arrival  of  momentum/impulse/pulses  due  to  distinguish 
distances  of  transmitters  (transit  time  of  signal  from  one  subscriber 
to  another  and  vice  versa  with  the  distance  between  tham  R km  is  54 
psa)  , the  effects  of  the  effect  of  erosion  of  momentum/impulse/puls.' 
and  arrival  of  several  ray/beams,  and  also  the  need  for  operational 
provisions  with  errors  in  the  time/temporary  circuits  of  diagram. 
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The  diagram  of  the  transmission  of  the  cycle  of  all  19  channels 
is  represented  in  Fig.  5.4.3.  Incidentally  let  us  let  us  point  out 
that  from  the  viewpoint  of  simplicity  of  the  solution  of  the  problem 
of  the  accumulation  of  the  large  number  of  cuts  in  memory  system  the 
delta  modulation  (just  as  pulse~code  modulation)  has  the  definite 
advantages,  since  with  these  forms  of  modulation  there  is  no  need  for 
storage  of  information  for  the  relation  to  pulse  amplitude. 


Page  245. 


In  the  communicating  system  in  question  are  possible  the 
following  fundamental  mode/conditions  of  the  use  of  time, 

abstract/removed  to  each  channel  during  the  cycle: 


- over  channel  occurs  the  exchange  of  information;  in  this  case 
during  time/temporary  cut  420  ps#  transmits  first  the  15-marking 
group  of  address  pulses,  which  determines  the  necessary  subscriber, 
and  then  the  group  of  the  delta  pulses,  carrying  information; 


- on  channel  exchange  by  information  does  not  go  (pause),  but 
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channel  by  this  pair  of  the  subscribers  is  occupied;  in  this  case 
after  address  group  follow  the  narrow  pulses,  which  fix  the 
eaployment  of  channel,  i. e.,  not  giving  possibility  to  other 
subscribers  to  engage  the  channel,  which  in  the  absence  of  the 
momentua/impulse/pu Ises  of  employment  could  be  accepted  as  free; 

- along  channel  transmits  the  signal  of  interruption,  realized 
by  introduction  into  the  usual  call  of  supplementary  redundancy;  for 
example,  if  usually  call  begins  from  the  repetition  of  the  1S-pulse 
address  of  five  times  in  a row,  then  the  ccmmand/crew  of  interruption 

can  consist  of  the  repetition  of  the  address  of  10  times. 

In  considered  communicating  system  both  working  between 
themselves  correspondents  utilize  one  and  the  same  time/temporary 
channel,  i.e.,  actually  is  conducted  simplex  communication;  however 
in  this  case  is  retained  the  possibility  of  interruption.  If 
necessary  for  the  conduct  of  duplex  communication  it  is  necessary  to 
have  the  dual  assembly  of  instrumentation  and  to  occupy  two 
time/temporary  channels. 


Let  us  examine  now  briefly,  how  takes  place  the  work  of  the 
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system  in  question.  For  a call  from  one  or  another  subscriber  xs 
compose/collected  called  subscriber's  address.  Special  device  - 
"selector"#  trying  alternately  channels,  finds  free  channel.  Mcng 
this  channel  transmits  the  line  signal. 


1 


1 


1 

•j 


1 
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Key:  (1).  The  word  of  the  signal  of  synchronization.  (2).  Dtiration  of 

tcansaission  of  the  burst  of  pulses  of  the  1st  channel.  (3). 
shielding  interval/gap.  (4) . Duration  of  transnission  of  the  burst  of 
pulses  of  the  2nd  channel-  (5).  Duration  of  transmission  of  the  burst 
of  pulses  of  19-go  channel.  (6).  ps.  (7)'..  Storage  time  of  the 
■onentua/impulse/pulses  of  the  1st  channel.  Page  246. 


\ 


Thus  far  subscriber  will  not  answer,  in  each  cycle  is  repeated  the 
line  signal  - address.  Address  occupies  the  only  part  of  the 
time/temporary  channel;  in  it  remains  the  time  ("place”)  for  called 
subscriber’s  answer/response-  Immediately  after  removal/ta king  the 
tube  with  the  called  subscriber  line  signals  cease  and  over  channel 
go  the  momentum/irapulse/pulses , which  indicate  the  employment  of 
channel,  whereupon  channel  is  ready  for  the  exchange  of  information. 


Asynchronous  sampled-data  system.  Figure  5.4.4  gives  the 
simplified  block  diagram  of  the  receiveting-transmit  device  of 
movable  VHP  radio  station,  using  operation  by  pulse  noise- like 
signals  in  the  common/general/total  channel  of  frequencies,  the  data 
on  which  are  published  into  1965  [ 19]. 

1 


DOC  - 77200122 


PAGE 


In  the  schenatlc  of  station  is  utilized  pulse-phase  nodulation 
and  isolation/liberation  of  signals  with  the  aid  of  the  discrete 
latched  filters.  The  use  of  pulse  noise-like  signals,  as  is  known,  in 
a nuiber  of  cases  turns  out  to  be  more  advisable  in  comparison  with 
the  use  of  continuous  noise-like  signals.  Is  facilitated  the  joint 
operation  of  several  stations,  especially  the  stations  of  large  and 
siall  power,  since  the  mixing  moientum/iapulse/pulscs  of  large  power 
can  be  between  low-power.  The  analysis  and  the  simulation  of  systems 
of  such  type  show  that  in  13  calls  in  band  1 MHz  is  provided  ^ h<= 
signal-to-noise  ratio  at  the  output/yield  used  device  of 
approximately  13  3B  [19]. 


Let  us  turn  now  to  the  explanation  of  the  work  of  block  diagram. 
During  the  first  stage  the  transmitted  voice  signal  is  converted  ir.-^o 
the  momentum/im pulse/pulses,  following  with  frequency  8 kHz,  i.e., 
with  the  interval  125  during  which  is  emitted  noise-like  signal, 

the  carrying  information  about  this  momentum/impulse/pulse. 

Noise-like  signal  is  foro/shaped  from  the  sequence  of  63  hits 
(subpulses)  with  duration  on  0.4  psir  each,  form/shaped  by  17-stepped 
register.  Switching  the  step/stages,  from  which  is  realized  feedback 

(transfer  of  momentum/impulse/pulscs  on  the  input  of  register),  i.e., 
the  selection  of  address,  is  realized  by  an  index  register.  63- 
marking  impulse  duration  0. 4 X 63  = 25.2  ps#.  This 
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aoaen tUB/iapulse/pulse  undergoes  modulation  on  position  on  th?  axis 
of  tiae  (pulse  position  aodulation).  The  aaxiaua  deviation  for  the 
pulse  duration  25.2  ps#-  and  the  distances  between  them  125  ps^  cannot 
exceed + 49.9  ps.  Page  247, 
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Fig.  5.4.4. 

Key;  (1).  Input  voice  signal.  (2).  Pulse-phase  oodulator.  (3). 
Generator  of  noiss-like  oscillations.  (4).  Balanced  nodulator.  (5). 
Transaitter.  (6).  Clock  pulse  generator.  (7).  Index  register.  (8). 
naster  oscillator.  (9).  selection  of  address.  (10).  Synchronizing 
generator.  (11).  Input  device,  (12)-  Pulse-phase  demodulator.  (13). 
Diagram  of  sguaring  and  additions.  (14).  Discrete  matched  filler. 

(15).  Mixer-  (16).  Mixer.  (17).  UPCh.  Page  248. 

The  noise- like  and  modulated  momentum/impulse/pulses  enter  th<^ 
balanced  modulator,  to  which  will  be  feed/conducted  also  the  voltage 
of  carrier  frequency  280  MHz-  Noise-like  pulse  signals  are  amplified 
in  the  output  stage  of  transmitterand  are  emitted  by  its  antenna.  The 
sequence  of  63  subpulses  completed  in  transmitter,  corresponds  to  the 
discrete  code  of  the  tuning  of  matched  filter  the  receiver  of  that 
correspondent  with  whom  is  conducted  the  communication/connection. 

For  the  remaining  receivers  whose  filters  are  not  inclinad  to  this 
code,  this  signal  it  is  simply  noise-  In  receptor,  as  is  evident  from 
block  diagram,  the  taken  signal  is  converted  first  into  signal  31  MHz 
frequency,  and  than  it  is  detected  by  the  diagram,  which  is  two  mixer 
in  which  is  realized  quadrature  detection.  The  latter  removes  the 
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subpulse  are  supplied  to  the  natcbed  filters,  carried  out  on  the 

basis  of  shift  registers  to  63  discharges.  In  these  filters  occurs 
folding  subpulses  into  one  mo«entu«/iB pulse/pulse  by  duration  0.4 

pst.  These  BOBentum/impulse/pulses  froa  the  output/yields  of  discrete 
filters  enter  the  diagraa  of  squaring  and  additions,  whereupon  to 

pulse-phase  deaodulator. 


Let  us  note  that  the  advantages  of  the  discrete  aatched  filters 

include  siaplicity  of  their  realization  in  coBparison  with  the  usual 

analog  Batched  filter.  This  is  achieved  by  their  construction  as  it 

was  shown  above,  on  the  base  of  the  widely  propagated  cell/elements 

of  electronic  conputers.  At  the  saae  tiae  of  the  characteristic  of 

the  discrete  aatched  filters  with  respect  to  the  provision  f or  a 

BaxiauB  of  the  ratio  of  the  power  of  signal  to  noise  at  the 
/ 

torque/Boaent  of  reading  very  close  to  the  appropriate 
characteristics  of  analog  filters.  At  the  saae  tiae  is  an  essential 
difference  between  the  properties  of  discrete  and  analog  matched 
filters.  Host  essential  of  them  - the  discrete  filters  do  not  provide 
effective  work  under  conditions  of  aultiple-beaa  characteristics. 


The  Bore  detailed  inforaation  about  the  principles  of 


construction,  the  characteristics  of  the  discrete  aatched  filters  and 
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the  results  of  their  comparative  analysis  with  analog  filters  can  he 
found  in  works  [19,  54], 


Page  249. 


System  of  broadband  communication/connection  with 
pulse-frequency  modulation.  In  this  system  [46]  as  and  in  others  the 
type  in  question,  also  is  utilized  common  frequency  channel  and 
possibly  the  establishment  of  the  communication/connection  of  <=ach 
with  each.  The  system  has  to  1500  address  codes  and  provides 
simultaneous  conversation  to  50  subscribers.  The  transmission  of 
information  is  realized  by  the  roomentu m/im pulse/p ulses,  the  frequency 
of  high-frequency  filling  of  which  is  determined  by  the  modulating 
voltage. 


The  simplified  block  diagram  of  the  transmitting  part  is  given 
in  Fig.  5.4.5.  Voice  signal  in  this  diagram  will  be  f eed/c onducted  to 
four  gates,  which  alternately  are  open/disclosed  by  the 
momentui/impulse/pulses,  which  enter  from  clock  pulse  generator.  At 
the  output/yield  of  gates  are  obtained  the  momentum/impulse/pulsos , 
in  their  amplitude  proportional  to  the  values  modulating  of 


r 


cascade/stages.  These  momentUDi/impulse/pulses  are  record/fixed  in 
meaory  units  and  enter  the  second  group  strobing  devices  that  are 
open/disclosed  by  the  momentum/impulse/pulses  of  address  code  in  the 
reioval/outlets  of  delay  line,  to  course  of  which  will  be 
feed/conducted  each  fifth  mome ntum/inpulse/pulse  fron  cadence 
generator.  From  the  output/yield  of  these  gates  of  voltage  they  will 
be  feed/conducted  to  the  control  system  (frequency  shift  hey),  which 
affects  the  frequency  of  the  assigning  generator  of  transmitter.  As  a 
result  the  frequency  of  the  master  oscillator  at  the  torque/raoments 
of  the  admission  of  the  strobe  pulses,  following  according  to  address 
law,  turns  out  to  be  proportional  are  instantaneous  to  the  values  of 
the  modulating  voltage.  The  word  of  momentum/impulse/pulses  from 
delay  line  strobes  also  the  voltage,  which  enters  from  the  master 
oscillator  the  power  amplifier.  At  output/yield  the  mind  is  obtained 
address  group  of  pulses,  whereupon  each  address 

noaen tua/impulse/pulse  is  emitted  at  the  frequency,  determined  by  the 
instantaneous  value  of  the  modulating  voltage  at  the  periodically 
being  repeated  moments  of  time. 


In  receptor  (Fig.  5-4.6)  the  taken  signals  enter  simult aneouslv 


1 


the  amplitude  and  Ffl  discriminators.  After  amplitude  detection 
address  momentum/impulse/pulses  will  be  feed/conducted  to  delay  line 
whose  remova  1/outlets  are  included  mirror  with  respect  to  delay  lir.o 
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which  develops  address  group  in  the  diagram  of  the  transmitting  part. 
Page  250. 
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Key:  (1).  Strobing  device.  (2).  Memory  unit.  (3).  Input  voice  sign 
(4).  Control  system.  (5).  Master  oscillator.  (6).  Power  amplifier. 
(7),  Generator  of  cadence  momentum/impulse/pulses.  (8).  Delay  line 
(9).  Control  system./^ge  251. 
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Fig.  5.4.6. 


Key:  (1)  . UPCh.  (2)  . FM 

signal.  (5).  Amplitude 
generator.  (8).  Docking 
memory  unit]  - storage 


discriminator.  (3).  Delay  line.  (4).  Output 
detector.  (6).  Summator.  (7).  Cadence 
system  - strobing  device.  (9).  ZU  [ ~ 


device.  (10).  Delay  line./Page  252. 


At  the  output/yield  of  this  delay  line  is  obtained  resultant 
momentum/impulse/pulse  only  in  the  case  of  the  arrival  of  correct 
address  group  from  subscriber.  This  resulting  momentum/impulse/pulse 
is  supplied  to  the  group  of  gates,  to  which  will  be  f eed/conducted 
the  momentum/impulse/pulses  from  the  second  delay  lines,  to  input  cf 
which  will  be  feed/conducted  the  modulated  in  pulse  amplitude, 
obtained  at  the  output/yield  of  FM  discriminator.  The  modulated  along 
pulse  amplitude  are  passed  through  gates  to  the  memory  units,  when 
they  coincide  with  resulting  momentum/impulse/pulse  with  the 

output/yield  of  the  first  delay  line.  Is  obtained  the  sejuence  of  th^^ 
modulated  in  pulse  amplitude.  These  momentum/impulse/pu Ises  are 

record/fixed  on  memory  units.  The  gates  of  the  second  group  arc 
op«n/disclosed  consecutively  at  intervals  100  ps#^  and,  therefore,  to 
i.f.  to  the  amplifier  through  every  100  ps*  enter  the  modulated 
*ferou'|h  pulse  amplitude.  The  consecutive  opening  of  the  gates  of  the 
— remd  group  is  provided  by  the  cadence  generator,  synchronized  by 


jM 
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the  resulting  momentum/impulse/pulse  from  the  first  delay  lino, 
utilized  in  system  momentum/impulse/pulses  have  duration  of  1 ps 


DOC  = 77210122 


PAGE 


HIGHOPICffB  tTBAPBB  EDR77 2 T0-t?g ’7  CUnC.  7-qWGLAy 


t1T/ST"7T"01g2 


ea27 


SUBJiCT  CO  DP  BI^P- 


Pages  253-278- 


Chapter  6. 


Co  mryi  u I C«mOA) 

COHPABATIVE  EVALUATION  OF  DIFFERENT  BROADBAND  RADIOHBI  SYSTEMS. 


§6.1.  The  potential  interference  rejection  of  different  broadband 
systens. 
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In  this  paragraph  is  carried  out  coaparative  analysis  of 
potential  possibilities  of  the  different  types  cf  broadband  systems, 
since  all  Known  broadband  systems  are  intended  for  the  transmission 
of  discrete  or  continuous  report/communications  with  ttie  preliminary 
application/use  of  one  method  or  the  other  of  discreteness,  are 
examined  the  only  transmission  systems  of  discrete  information  with 
the  use  of  a binary  system  of  signals.  The  primary  attention  is  given 
to  the  case  of  the  effect  of  the  additive  fluctuating  inte  rf  erencr* , 
approximated  by  normal  white  noise,  in  channels  with  the  constant 
parameters. 


It  is  noted  [for  36]  that  for  such  channels  optimum  is  the 
mutually  correlated  system  of  coherent  reception.  Since  in 
Communicating  systems  the  account  of  the  initial  phase  of  received 
signal  in  a number  of  cases  is  difficult,  considerably  simpler  in 
realization  are  the  mutually  correlated  systems  of  incoherent 
reception.  The  freedom  from  interference  of  the  indicated  mutually 
correlated  systems  under  conditions  of  single-ray  and 
multi  pie- pronged  channels  was  examined  into  §3.4.  Figure  6.1.1  shows 
the  constructed  according  to  formula  (3.4.13)  dependence  of  the 


PAGE 


probability  of  error  p in  the  optimum  system  of  incoherent  reception 


on  h*  ratio  of  the  energy  of  the  cell/element  of  signal  to  the 
spectral  density  of  additive  fluctuating  interference  at  the  input  of 
receiver  in  single- ray  channel  (n  = 1)  with  the  constant  parameters 


when  using  signals  with  active  pause  (curve  1).  In  channels  with 


interference  of  such  systems  increases  proportional  to  an  increase  in 


the  energy  of  useful  signal  because  of  the  accumulation  of  the 


incoming  ray/beams.  For  channels  with  the  multiple-pronged 
propagation  of  close  to  optimum  is  counted  the  system  of  the  type 


Let  us  compare  with  the  optimum  mutually  correlated  systems  the 
freedom  from  interference  of  discrete-address  ( asinxronno-address) 


and  autocorrelation  broadband  systems 


Discrete-address  systems  are  intended  for  the  realization  of  the 


communication/connection  of  the  large  number  of  subscribers  in  the 
overall  freguency  band.  They  are  nonoptimal  mutually  correlated 


systems,  since  for  a decrease  in  charging  range  in  them  are  utilized 


binary  signals  with  passive  pause,  i.  e. , each  subscriber's 


broadband  signal  only  of  one  determined  form  in  alternation  with 
pauses  (absence  of  emission/radiation). 
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Page  25  5. 


By  the  best  freedom  from  interference  of  all  discrete-adi ress 
systems  in  channel  with  the  constant  parameters  and  the  fluctuating 
interference  possess,  apparently,  systems  with  the  noise-like 
phase-code-pulsed  signals  and  the  discrete  matched  filters,  and  also 
systems  with  separate  processing  the  orthogonal  components  of 
received  signal  and  the  quadratic  addition  of  the  voltages  of  the 

separate  branches  of  processing. 


Figure  6.1,1  shows  the  dependence  of  the  probability  of  error  on 
value  h*  for  a system  with  the  discrete  matched  filters  (curve  2), 
constructed  according  to  the  experimental  data  [19].  The  curves  3 and 
4 characterize  the  freedom  from  interference  of  system  with  senarato 
processing  and  the  quadratic  addition  of  the  output  voltages  in  the 
case  respectively  of  three  and  five  branches  of  processing  (see  Fig. 
5.  3.  2)  . 


The  worst  freedom  from  interference  possess,  apparently,  address 
systeis  with  separate  processing  the  orthogonal  components  of 
received  signal,  in  which  the  solution  to  the  transmission  of  signal 
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is  received  only  with  excess  as  output  potential  of  each  branch  of 
the  deternined  threshold  level  (see  Pig.  5.3.3).  In  Fig.  6.1.1  the  * 

curves  5 and  6 characterize  the  freedoa  frc«  interference  of  such 
systeBs  for  the  cases  respectively  of  three  and  five  branches  of  i 

processing.  Let  us  note  that  the  last/latter  method  of  reception  is  i 

realized  in  system  RACBP.  Therefore  curved  5 and  6 Fig.  6.1.1  i 

characterize  the  potential  interference  rejection  of  this  systeip  ir 
channel  with  the  constant  parameters  and  the  fluctuating  interference 
in  the  transmission  of  discrete  information  by  the  alternation  of 
premise/impulses  and  pauses  equal  to  duration. 

Finally,  among  broadband  systems  large  group  they  compose 
autocorrelation  systems,  in  these  systems  fcr  the  formation  of  the 

transmitted  signal  can  be  used  the  noise  in  the  assigned  frequency 
band,  which  substantially  simplifies  their  realization.  As  an  example 
of  the  realization  of  broadband  autocorrelation  system  can  serve 
examine  into  §4.2  diverse  variants  of  systems  with  correla tion-time 
modulation.  The  potential  interference  rejection  of  such  systems  was 

analyzed  into  §4.3.  Figure  6.1.1  gives  probability  curves  of  error  p 
from  h*,  designed  by  formula  (4.3.18)  for  cases  FT  = 10*  (curve  7), 

FT  * 10^  (curve  8)  and  FT  = 10*  (curve  9). 
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Page  256.  Let  us  note  that  fornula  (4.3.18)  corresponds  to  use  in  the 
autocorrelation  system  of  opposite  signals,  and  therefore  it 
determines  the  maximally  attainable  freedoB  from  interference  of 
these  communicating  systems. 


Comparative  analysis  of  curves  of  Fig.  6,1.1  attests  to  the  fact 
that  in  channels  with  the  constant  parameters  and  the  fluctuating 
interferences  the  best  freedom  from  interference  possess  the  mutually 
correlated  systems,  worst  - autocorrelation.  Discrete-address  systems 
cn  freedom  from  interference  occupy  the  intermediate  position  between 
the  optimum  mutually  correlated  and  autocorrelation  systams.  The 
energy  loss  of  discrete-address  systems  in  comparison  with  optimum 
mutually  correlated  with  the  probability  of  error  p > 10-*  composes 
depending  on  the  construction  of  diagram  4-8.8  dB.  For 
autocorrelation  systems  this  value  will  be  not  less  than  9-15  dB. 

§6.2.  On  the  worA  of  broadband  communicating  systems  in  the  loaded 
frequency  band. 

The  freedom  from  interference  of  binary  communicating  systems  in 


I 


single-ray  channel  under  the  influence  only  of  normal  fluctuating 
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interferences  does  not  depend  on  the  band  of  frequencies  F of  those 
utilized  for  the  transmission  of  the  information  of  signals.  It  is 

determined  in  this  case  only  by  ratio  of  the  energy  of  received 
signals  to  the  spectral  density  of  the  fluctuating  interference 


I 

i 

r 

[ 


f 


(6.2.1) 


Recall  that  in  two  limiting  cases  of  the  state  of  channel  in  the 
absence  of  fadings  and  the  presence  of  Rayleigh  fadings  the  ■ 

probability  of  the  error  of  piece- by- piece  reception  in  mutually  * 

correlated  systems  with  active  pause  is  equal  to  respectively  j 

1 

j 

(6.2.2)  i 
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Page  257. 

However,  in  multi  pie- pronged  channel  the  correct  selection  of 
the  bandwidth  of  signals  F becomes  essential.  The  necessary 
preliminary  condition  of  the  separation  of  the  incoming  ray/beams  and 
accumulation  of  their  energy  is  the  selection  of  this  band  F in  order 
that  it  would  satisfy  condition  (see  §3.3) 


( 
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F>77^.  (6.2.3) 

“‘rain 


where  A/mm'  “ minimuni  time  lag  between  separate  ray/be ams. 


The  real  communication  channels  are  always  subjected  to  effect 
not  only  fluctuating,  but  also  the  large  number  of  the  interferences 
of  radio  aids  - the  concentrated  interferences.  It  would  seem  that 
the  expansion  of  the  band  of  frequencies  of  the  utilized  signals  must 
bring  in  such  channels  to  a decrease  in  the  freedom  from  interference 
of  communicating  systems.  However,  more  in-depth  analysis,  as  this 
partially  has  already  been  discussed  in  §3.4,  shows  that  in  the 
loaded  ranges  the  broadband  communicating  systems  can  ensure  the 
better/best  freedom  from  interference,  than  narrow-band. 


In  this  paragraph,  following  the  results  [U,  42],  is  carried  out 
comparative  analysis  of  freedom  from  interference  and  reliability  of 
the  operation  of  broadband  and  narrow-band  systems  in  the  loaded 
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freguaicy  bands,  and  also  is  given  comparative  evaluation  of 
broadband  systams  with  the  narrow-band  systems,  in  which  operating 
frequencies  are  selected  by  cut-and-try  method  on  the  basis  of  the 
analysis  of  the  state  of  range. 

Let  us  examine  the  question  concerning  a comparative  evaluation 
of  the  freedom  from  interference  of  broadband  and  narrow-band 
systems.  The  presence  of  the  interferences  of  radio  aids  leads  to  the 
fact  that  the  values  of  the  spectral  density  of  interferences  at  the 
input  of  receptor  and,  consequently,  also  h^^  are  the  random 

variables,  which  depend  on  the  state  of  charging  range  and  character 
of  the  concentrated  interferences.  It  is  natural  that  i the 
probabilities  of  errors  (6.2.2)  in  this  case  also  will  be  random 
variables.  For  the  search  of  the  unconditional  probabilities  of  the 
errors  in  this  situation,  we  utilize  the  following 
prerequisite/premises. 

1.  Charging  hV  of  range  is  so/such  great,  that  in  all  operating 
range,  selected  for  the  transmission  of  information,  there  will  not 
be  the  vacant  places,  immune  to  to  the  effect  of  the  conrentrated 


interfe re nee s 
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Page  258. 


In  other  words,  the  spectral  density  of  such  interferences  is  a 

continuous  function  of  frequency.  This  condition  describes  the 
heaviest  situation  from  the  viewpoint  of  the  work  of  broadband 
systems. 


2.  The  rate  of  change  in  the  spectral  density  of  interferences 
in  tine  considerably  lower  than  the  speed  of  transmission  of 
information,  i.  e. , the  spectral  density  of  interferences  is  constant 
during  the  duration  of  the  cell/element  of  signal  T,  but  is  random 
from  one  cell/elenent  to  the  next. 

3.  Since  the  interferences  from  the  stations,  which  work  at  the 
adjacent  frequencies,  are  independent  random  quantities,  the 
correlation  spectral  density  function  of  the  concentrated 
interferences  becomes  zero  with  a difference  in  frequencies  Af , in 
the  equal  to  bandwidth,  occupied  by  one  station.  The  interval  Af  is 
the  interval  of  the  correlation  of  interferences  of  frequency.  For  a 
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skip  band  Af  = 1-2  kHz, 


A sofficently  good  approxinat ion  for  the  ncraalizad  correlation 
function  of  interferences  on  frequency  p (f),  that  allows  us  to 
establich  the  fundaaental  laws  governing  their  affect  on  broadband 
and  narrow-band  systems,  is  the  expression  of  form  [4] 


p(n= 


[l  — If  I <aF; 


npH  I f I > af. 


Here  or  = Af/F  is  ratio  of  the  interval  of  correlation  of  frequency 
between  interferences  to  the  bandwidth  of  the  signals,  utilized  for 
the  transmission  of  information. 

Under  the  made  assumptions  it  is  possible  to  count  that  the 
spectral  density  of  interferences  at  the  input  of  receptor  is 
determined  by  the  relationship/ratio 

vi  <v2e>’,  (6.2.5) 


where  y - is  normal  random  variable  with  probability  density 
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_ V 

^(y)  = --_L  e I (6.2.6) 

V 2nOy 


i,e,  having  zero  nathematical  expectation  and  the  dispersion,  which 
during  satisfaction  of  condition  (6.2.4)  takes  the  form 


//^with 

4o*a  0 < a < 1; 

4o*  (l  — Hipn  1 < a < 00, 
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Page  259,  Here  is  dispersion  of  a change  in  the  janning  intensity 
in  the  freguency  of  the  coaaunication  channel.  Then*  substituting  in 

(6.2.1)  value  (6.2.5),  we  obtain  that  the  randon  variable  of  the 
ratio  of  the  energy  of  signal  to  the  spectral  density  of  the 


1 

\ 


affecting  interferences  is  equal  to 


h^>hle  (6.2.8) 


Let  us  note  that  the  probabilities  of  errors  in  tha 
coanunicating  systems  in  question  are  the  monotonically  decreasing 
functions  of  value  h*.  Therefore  subsequently  let  us  examine  values 
h*,  which  correspond  to  equality  in  (6.2.8),  that  determines  the 
worst  freedom  from  interference  and  is  upper  limit  for  the 
probability  of  error  at  other  values  h*,  greater  than  right  side 

(6.2.8) .  The  further  unconditional  probability  of  error  can  be  found 
now  by  substitution  in  relationship/ratios  (6.2.2)  of  value  h^  from 

(6.2.8)  instead  of  h*o  by  the  averaging  of  these 

relationship/ratios  in  terms  of  all  possible  values  of  quantity 
with  the  aid  of  random  number  distribution  y. 
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Page  260. 


Then 


p=-^fe  - * W{y)dy\ 


P=  f 


ioo  hle-y  + 2 


^ («/)  dy. 


(6.2.9) 


where  the  probability  density  S (y)  is  determined  by  formula  (6.2.6). 
These  probabilities  of  the  errors  were  calculated  in  work  [4]. 
Unfortunately,  they  in  elementary  functions  are  not  expressed.  The 
probabilities  of  error  by  formulas  (6.2.9)  can  be  calculated  with  the 
aid  of  ETsTH  [MipAA  - digital  computer]  or  tables  [41]. 


Analysis  (6.2.9)  shows  that  the  probability  of  the  error  in  this 
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case  depends  not  only  on  h^o*  but  also  on  o\,  by  determined  formula 
(6.2.7).  In  other  words,  in  the  case  of  the  effect  of  the 
concentrated  interferences  the  probability  of  the  error  is  function 

not  only  h>o#  but  also  it  depends  on  a - the  ratio  of  the  interval  of 
correlation  of  frequency  between  interferences  to  bandwidth  F of  the 
utilized  signals.  Figure  6.2.1  shows  the  dependences  of  the 
probability  of  error  (6.2.9)  for  the  nonfading  signal  on  value  a for 
a*  = 4 (curve  1)  and  w*  = 1 (curve  2).  Value  h*o  in  this  case  is 
fix/recorded  and  equally  h*o  - 17,  which  corresponds  to  the  maximum 
probability  of  error  10“*  in  channel  only  with  fluctuating 
interferences.  As  can  be  seen  from  figure,  deterioration  in  the 
freedom  from  interference  with  respect  to  maxiaun  can  be  very 
considerable  with  insufficiently  to  large  band  of  signals  (a  > 0.01). 
The  freedom  from  interference  of  reception  very  close  to  maximum,  if 
value  P exceeds  the  bandwidth  of  jamming  stations  Af  not  less  than 
100  times  (a  ^ 0.0  1).  If  Af  = 1-2  IcHz,  then  for  the  transmission  of 
information  in  the  loaded  frequency  band  one  should  utilize  broadbanl 
signals  with  band  100-200  kHz.  Such  signals  make  it  possible  to 
divide  and  to  accumulate  ray/beams  with  relative  time  lag  5-10  (jss. 


Page  261 
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Figure  6.2,1  according  to  the  results  [4]  gives  also  dependence 
curves  of  the  probability  of  the  error  vith  Rayleigh  signal  fading  as 
a function  of  o for  v*  = 4 (curve  3),  v*  = 1 (curve  4)  and  value  h^o 
= 10^  which  corresponds  to  the  maxinua  probability  of  error  10  ♦ in 
channel  only  with  fluctuating  interference,  Fcob  these  curves  it  is 
evident  that  with  Rayleigh  signal  fading  the  selection  of  bandwidth  F 
not  as  strongly  affects  freedoi  fron  interference  in  comparison  with 
the  preceding/previous  case.  The  selection  of  value  F 10  times 

greater  the  width  of  the  spectrua  of  jaaaing  stations  (a  = 0.1)  is 
sufficient  for  providing  a probability  of  the  error,  close  to  its 
liaiting  value  in  channel  only  with  fluctuating  interference. 

As  a whole  Fig.  6.2.1  shows  that  when  using  in  the  loaded  range 
of  broadband  signals  with  sufficiently  large  band  F (a  <<  1)  is 
provided  the  considerably  higher  freedom  from  interference,  than  when 

using  narrow-band  signals  (a  = 1). 

Let  us  exaaine  further  the  question  concerning  the  reliability 
of  the  operation  of  broadband  and  narrow-band  coaaunicating  systems 
in  the  loaded  frequency  band,  under  the  reliability  of  operation  in 
this  case  is  understood  probability  that  the  quality  of 
coaaunication/connection  (probability  of  erroneous  reception)  will  be 
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better  determined  preestablished  value.  Above  it  was  shown,  that  in 
the  loaded  frequency  band  the  probability  of  the  error  in  the  systems 

in  question  is  the  random  variable,  which  according  to  (6.2.2)  and 
(6.2.8)  is  equal  to 


P 


(6.2.10) 


- f fading  and 


P 


' 1 

hle-y  + 2 


(6.2.11) 


- for  the  fading  according  to  Rayleigh  law  signal. 


In  these  expressions  y - the  normal  random  variable,  determined 
on  (6.2.6)  . 


Page  262, 


With  the  nonfading  signal  to  expression  (6,2.12)  is  equivalent 
as  this  follows  froH  (6.2.10),  the  inequality 

— exp  ~-±e  <p,,.  (6.2.13) 

L ' 2 J 


Whence,  twice  loga rithaizing  the  right  and  left  sides,  we  find 
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In^_lnln;^  = A.  (6.2.14) 

* J.pom 


The  probability  of  the  fulfillment  of  this  inequality  is  reliability 
of  communication/connection  N.  Consequently, 


A/=/ = + (6.2.15) 


Figure  6.2.2  shows  the  dependence  (curve  1)  of  reliability  N on 
value  a - the  ratio  of  the  interval  of  correlation  of  frequency 
between  interferences  (bandwidth  of  jamming  stations)  to  the 

bandwidth  of  the  atilized  signals.  This  curve  is  constructed  for  h 

zi 

= 17,  ff*  = 1 and  Pom=Ag  2 


I 


u 


ti 
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Page  263, 


From  the  figure  one  can  see  that  for  providing  sufficiently  high 
reliability  N 0. 9 transaitted  signals  aust  have  a frequency  band, 

100  times  exceeding  band  of  frequencies  of  jamming  stations  (a  = 

0.01)  . 


In  the  case  of  the  fading  signal  of  error  probability  n than 
less  assigned  Pom.  If  is  fulfilled  the  inequality 
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i <Po»..  (6-2-16) 

hle-y  + 2 


Vh«BC«  for  the  reliability  of  conmunication/connection  N with 

Pom^ 


i+®^— 


hi  Pom\ 


yj 


(6.2.17) 


Figure  6.2.2  (curve  2)  shows  dependence  of  H on  or  for  the  fading 

5 

Signal  with  h^^  = 10^,  a*  * i,  Pom=  „ • Proa  the  figure  one  can  see 

"0  *r  ^ 

that  in  this  case  the  high  reliability  (aore  than  0.9)  is  provided 
with  a 4 0.1,  i.e. , with  the  band  of  frequencies  of  the  transraitted 
signals,  10  tines  by  that  exceeding  the  band  of  frequencies  of 

jaaning  stations. 


Thus,  the  use  of  broadband  signals  aakes  it  possible  to  ensure 


the  higher  reliability  of  communication/connect  ion  in  the  handled 
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range  in  coaparison  with  narrow-band  signals. 


At  the  saae  tine  when  using  narrow-band  signals  it  is  possiMo 
also  to  attain  as  snail  as  desired  probability  of  erroneous 

reception,  if  we  select  the  operating  frequency  of  narrow-banl 
station  on  least  impregnated  by  interferences  range  frequencies,  thi 
selection  of  operating  frequency  is  based  on  selection  with  its 
cut-and-try  method  on  the  basis  of  the  analysis  of  the  state  of 
range.  Let  us  show  that  i in  this  case  application/use  of  broadband 
signals  gives  the  determined  advantages.  Let  us  determine  the  number 
of  sample/tests,  necessary  for  provision  in  narrow-band  system  with 
the  assigned  quality  of  the  conmunication/connection  of  the  required 
reliability. 


Page  264. 


Commu;  ^ cation/connection  will  be  realized  with  the  probability  of  th 
error,  which  does  not  exceed  Pom,  if  at  least  on  one  of  m of  the 
selected  frequencies  the  jamming  intensity  it  is  have  sufficiently 
low  value,  the  probability  this 
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N~l—  / p(y)dy  ]" 
• Poia  J 


. (6.2.18) 


where  p (y)  is  determined  by  formula  (6.2.10)  with  that  which  not 
fade  and  by  formula  (6.2.11)  with  the  fading  signal. 


Figure  6.2.3  depicts  to  the  dependence  of  the  necessary  number 
of  attempts  a on  the  bandwidth  of  signals  (parameter  a)  for  N = 

0.999,  Pom’^5p(ho  ),  #•  * 1 and  h*o  = (curve  1),  and  also  h*o  = 10^ 

(carve  2).  From  the  figure  one  can  see  that  for  the  nonfading  signal 
(curve  1)  the  necessary  number  of  attempts  is  equal  to  nine  with  the 

narrow-band  signal  (a  — 1)  even  of  five  with  broadband  signal  (a 
I 0.01)  . For  the  fading  signal  (curve  2)  the  necessary  number  of 

f 

attempts  is  respectively  equal  to  six  and  less  than  two  (with  a ^ 

0.1). 

I : 

[ 

t Thus,  broadband  system  makes  it  possible  to  obtain  the  assigned 

I reliability  of  communication/connection  with  the  substantially  | 

■w 

I 
1 
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saaller  nuaber  of  saaple/tests  for  the  selection  of  operating 
frequency.  To  this  one  should  add  that  the  narrow-band  system  with 

the  selection  of  operating  frequency  requires,  furthermore,  the 
presence  of  the  return  duct  of  coamunication/connection  of  receiver 

to  transaitter  for  the  transaission  of  the  information  about  the 
possibility  of  work  on  the  selected  frequency.  Broadband 
coaaunicating  system  in  principle  this  clrannel  does  not  require. 
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Along  with  examined  higher  very  large  charging  range  in  practice 
are  possible  also  the  cases,  when  the  receptor  affects  the  relatively 
small  number  (one  - heel)  of  the  concentrated  interferences. 
Furthermore,  during  large  charging  range  to  receptor,  as  a rule,  can 
affect  the  concentrated  interferences,  which  are  sharply  isolated 
against  the  background  of  their  totality.  Such  single  concentrated 
interferences  have  power,  considerably  exceeding  power  of  other 
interferences,  and  their  spectra  partially  or  completely  they 
coincide  with  the  spectrum  of  signal. 


The  effect  of  the  single  concentrated  interferences  on 
communicating  system  depends  on  their  statistical  properties  and  or. 
the  parameters  hn  IFT,  where  hn  is  ratio  of  the  energy  of  interference 
to  the  spectral  density  of  flnctmating  noise,  FT  is  a base  of  sysi-em. 
The  interference  of  such  interferences  begins  to  aanifast  itself  with 
hn>  FT, {tor  example,  see  §3*^)»  Hence  It  follows  that  in  the  broadband 
conmnicating  systems,  mfaicli  have  FT  order  of  several  hundreds  or 
even  thousand,  is  realized  the  considerably  more  powerful  suppression 
of  the  single  interferences,  than  in  narrow>band,  for  which  FT  10. 

At  the  sane  time  the  powerful  concentrated  interferences  with  An>  FT 


DOC 


77220122 


PAGE  jr 


can  cause  a consiierable  decrease  in  the  freedoo  from  interference, 
also,  in  broadband  systems. 

The  most  radical  means  for  combat  with  such  interferences  is, 
apparently,  the  rejection  at  the  input  of  the  receiver  of  the 
sections  of  the  band  of  signal  F,  subjected  to  the  effect  of  the 
concentrated  interferences.  In  this  case,  if  rejected  sections  are 
sufficiently  narrow,  there  will  not  be  a noticeable  decrease  in  the 
energy  of  the  adopted  broadband  signals.  Rejection  can  be 
sufficiently  effectively  used  in  mutually-  and  autocorrelation 
systems.  Unfortunately,  it  is  not  applicable  in  discrete-address 
systems  on  the  strength  of  the  special  feature/peculiarities  of 
formation  and  processing  in  them  signals  (see  §5.2).  For  these 
systems,  apparently,  it  is  most  expedient  to  utilize  the  various 
kinds  of  the  diagram  of  the  compensation  for  interferences,  that  are 
the  component  part  of  the  decisive  receiver  circuit. 

Page  266. 

§6.3.  On  the  reticence  of  the  broadband  transmissions  in  the  real 
communication  channels. 

) 
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On  the  basis  of  the  given  in  the  precedinq/previous  chapters 
data  on  freedoa  froa  interference  and  special  feature/pecu  liar  it  ier. 
of  the  practical  realization  of  the  different  types  of  broadband 
systeas  it  is  possible  to  aake  soae  conclusions  about  the 
possibilities  of  the  concealed  work  of  broadband  coaauaica ti nq 
systeas  and  first  of  all  on  the  possibilities  of  providing  a 
reticence  of  the  very  fact  of  the  work  of  broadband  radio  link. 


As  it  was  noted  in  §1.5,  in  broadband  coamunicating  systems  the 

reception  of  discrete  information  can  be  realized  at  tha  power  of 
signal  smaller  than  the  power  of  fluctuating  interferences  in  the 
utilized  frequency  band.  In  this  case  the  reticence  of  broadband 
transmission  quantitatively  can  be  described  at  the  assigned 
authenticity  of  reception  and  speed  of  transaission  of  information  b 
the  value  of  the  ratio  of  the  power  of  signal  Pe  to  the  power  of 
fluctuating  interferences  Pn  in  the  utilized  band  of  frequencies, 
i.e.,  as  this  follows  from  fornnla  (1.5.2),  by  value 
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(6.3.1)  j 


where  FT  - the  base  of  systea;  h%  - the  required  for  obtaining  thp 
assigned  probability  of  error  ratio  of  the  energy  of  signal  to  the 
spectral  density  of  fluctuating  interference. 

Onder  the  assigned  probability  of  the  error  in  this  paragraph, 
let  us  consider  the  probability  of  error  equal  to  As  can 

be  seen  froa  relationship/ratio  (6.3.1),  the  relation  Pe/Pa 
unaabiguously  is  determined  by  value  h^p  and  by  the  valua  of  the  base  i 

of  system.  Moreover  for  providing  a reticence  of  broadband 
transmission  it  is  necessary  to  satisfy  the  condition 

<7o<l-  (6.3.2) 


1 


In  this  case  the  signal  is  arcange/locat ed  below  the  level  of  ' 

f 

fluctuating  noises,  as  this  is  schevatically  shown  in  Fig.  6.3. 1.  ^ 

4 

1 

1 

i 

Page  267. 

From  the  examined  broadband  systems  the  greatest  freedom  from 
interference  possess  mutually  correlated  systems. 

In  channels  with  the  constant  parameters  (see  §3.4)  and  only 
fluctuating  intecfecences  for  obtaining  the  probabilities  of  errors  p 
* 10“*-10"s  value  /itp  independent  of  the  character  of  the 
construction  of  the  decisive  receiver  circuit  does  not  exceed  20-30. 

It  is  considered  that  such  systems  possess  the  greatest  potential 
possibilities  from  the  viewpoint  of  the  reticence  of  the  work  of 
broadband  radio  link.  Under  these  systems  condition  (6,3.2)  is 
satisfied  already  at  values  FT  order  of  several  dozens. 

In  autocorrelation  systems  depending  on  the  diagram  of 
processing  signal  in  the  receptor  of  value  /itp  they  compose  the  value 
of  the  order  of  several  hundreds  or  even  thousand.  Therefore  for  the 

1 
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concealnent  of  the  fact  of  broadband  transnission  such  systems 
require  inconparably  the  large  values  of  the  base  of  system. 
Substantially  important  is  that  fact  that  both  the  mutually 
correlated  and  autocorrelation  systems  can  in  principle  ensure  the 
concealment  of  the  fact  of  transmission.  Discrete-address  systems  are 

deprived  of  this  possibility,  on  the  strength  of  the  specific 
character  of  formation  and  decoding  of  signals  the  transmission  of 
information  in  discrete-address  systems  is  reali2ed  only  with  go  > 1. 
Therefore  in  connection  with  such  systems  it  is  possible  to  speak 
only  about  the  reticence  of  the  fact  of  the  presence  of  information 
in  signal  (see  §1.5)  which  can  be  reached  with  signal  conditioning  bv 
the  selection  of  the  corresponding  methods  of  coding  in 
frequency-time  range.  However,  in  spite  of  the  indicated 
deficiency/lack,  discrete-address  systems  possess  a series  of 

remarkable  properties  (see  Chapter  5),  which  make  them  with  very 
convenient  for  a military  radio  communication. 


Key;  (1).  Noise.  (2).  Signal.  Page  268. 

The  concealaent  of  the  fact  of  the  presence  of  the  broadband 
transnission  in  the  real  channels  of  comaunication/connect ion,  i.e., 
when  signal  fading  are  present,  and  under  the  influence  on  the 
receptor  not  only  of  fluctuating,  but  also  concentrated 
interferences,  is  largely  hinder/hanpered  and  its  provision  requires 
special  aeasures  during  the  construction  of  the  inf or aat ion-ca rry ing 
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system. 

First  of  all  let  us  note  that  the  presence  of  signal  fading 
lowers  the  freedom  from  interference  of  broadband  systams,  incrf'asinj 
thereby  values  Atp  and  making  satisfaction  of  condition  worse 

(6.3.2) .  For  exaaple,  even  in  mutually  correlated  systems  durina 

processing  only  one  of  the  incoming  and  fading  according  to  Rayleigh 
law  ray/beams  value  if  composes,  as  this  follows  from  formulas 

(3.4.2)  and  (3.4.3),  value  (0.25-1)  • {10*-10S). 

The  technically  realizable  values  of  base  by  broadband  systems 
do  not  exceed,  apparently,  several  thousands.  Therefore  the  provision 
for  a reticence  of  broadband  system  in  an  example  in  question  is  very 
problema  tic. 


At  the  same  time  it  should  be  pointed  out  that  the  accumulation 
of  several  incoming  ray/beams  makes  it  possible  substantially  to 
improve  reticence.  Actually,  already  with  the  accumulation  of  two 
subjected  to  Rayleigh  fadings  ray/beams  the  necessary  values  ^fp 
depending  on  the  method  of  processing  signal  (see  formulas  (3.4.15) 
-3.4.17)  compose  values  (0.85-5. 4)  «102.  An  increase  in  the  number  of 
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workable  ray/beaas  even  more  descends  /i?p  , approaching  it  the 
appropriate  values  in  channel  with  the  constant  parameters.  The 
possibility  of  concealed  transmission  under  these  conditions 
substantially  is  improved. 


Under  the  effect  in  the  channel  of  the  connunication/connect ion 
not  only  of  fluctuating,  but  also  concentrated  interferences  the 
reticence  of  broadband  transmission  can  be  largely  deteriorated. 
Specifically,  from  results  §3.4  it  follows  that  the  freedom  from 
interference  of  mutually  correlated  systems  under  these  conditions 
substantially  depends  not  only  from  the  ratio  of  the  energy  of  signal 
to  the  spectral  density  of  fluctuating  noise,  but  also  from  the 
coefficients  of  the  cross  correlation  between  the  utilized  signals 
and  the  affecting  concentrated  interferences.  In  this  case  for 
obtaining  the  same  correctness  of  the  adopted  report/communication  as 
in  channel  only  with  fluctuating  noises,  will  be  required  the  largo 
values  of  the  energy  of  signal,  which,  is  logical,  it  can  lead  to  the 
disturbance/breakdown  of  condition  (6.3.2). 


In  the  case  of  the  simultaneous  effect  of  single  sinusoidal  and 


I 


fluctuating  interferences  as  this  it  is  possible  to  show,  by 
utilizing  results  [30,  53],  the  value  of  the  ratio  of  the  power  of 


DOC  = 77220122  PAGE 

signal  to  the  power  of  the  fluctuating  interferences 


(6.3.3) 


where  go  - it  is  deterained  by  formula  (6.3.1)  for  the  case  of  the 
effect  only  of  fluctuating  interferences;  ^ Yc  - the  coefficient, 
depending  on  the  type  of  the  utilized  signals  and  special 
feature/peculiarities  of  their  processing  in  receptor;  for  example, 
with  coherent  reception  to  the  coherent  addition  n of  the  ray/beams 
of  approximately  identical  intensity  value  Yc  does  not  exceed  n ard 
2n  for  opposite  and  orthogonal  signals  respectively;  with  incoherent 
reception  with  the  coherent  addition  of  such  ray/beass  Yc  < 2n. 


In  Fig.  6.3,2  with  the  aid  of  the  results  [30]  are  constructed 
dependences  g as  a function  of  hn  for  the  case  of  the  single-ray 
coherent  reception  of  opposite  signals  (vo=l).  These  curves  are 
constructed  for  the  values  of  base  FT  * 10*  and  10’  ani  the 
authenticity  of  the  adopted  ceport/connunicat ion,  determined  by  the 
probability  of  error  10"*-10~s.  From  curve/graphs  it  is  evident,  that 
even  so  for  the  broadband  system  FT  >>  1r  nevertheless  at  A PT 
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Talue  q becoaes  more  than  one.  The  latter  corresponds  to  that  fact 
that  of  noise-like  signal  level  in  band  P will  be  above  the  level  of 
fluctuating  noises  (Fig.  6.3.3),  and  consequently,  the  reticence  of 
systen  largely  deteriorates. 

Let  us  note  that  with  somevhat  snaller  requireaents  for.  the 
probability  of  error,  let  us  say  10*“2  or  lO"’,  the  reticence  of 

broadband  system  can  be  improved. 

Page  270. 

However,  with  contemporary  requirements  for  the  correctness  of 
reception  scarcely  whether  one  should  increase  reticence  by  the  value 
of  the  loss  of  authenticity. 

As  can  be  seen  from  Fig.  6.3.2,  the  reticence  of  broadband 
systen  can  be  substantially  raised  by  an  increase  in  the  base 
signal  FT.  An  increase  in  the  base  because  of  the  expansion  of  the 
conditional  frequency  band  is  limited  in  the  range  of  short  wa  ves^  by 
the  dispersed  properties  of  the  ionosphere,  since  as  it  is  noted  in 
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§1-4,  value  F in  these  conditions  vas  liaited  by  the  values  several 
dozen  kilohertz. 

The  further  increase  FT  is  possible  only  because  of  an  increase 
in  the  duration  of  the  cell/eleaent  of  signal  T,  i.e.,  deceleration 
of  the  transmission  of  information. 
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Key:  (1).  Koisa.  (2).  Concentrated  interferences.  (3).  Signal.  Page 

271.  The  curves  of  Pig.  6.3.2  can,  in  particular,  serve  as  the 
illustration  of  the  reticence  of  broadband  system  with  speed  of 
telegraphing  of  50  bauds  (T  = 20  ms)  and  values  F = 5 kHz  (FT  = 10^), 
50  KHz  (FT  = 103)  or  at  the  constant  band  F = 10  kHz  and  telegraph 
speeds  lOO  bauds  (T  = 10  ms)  even  10  baud  (T  » 0.1  s) . 


The  indicated  in  this  example  laws  are  valid  and  in  the  general 
case.  Of  course,  with  processing  and  accumulation  of  several  incoming 
ray/beams  of  condition  for  a decrease  in  value  q there  can  be 
considerably  improved. 


Finally,  the  radical  means  of  providing  condition  q < 1 without 


a noticeable  decrease  in  authenticity  and  speed  of  transmission  of 
information  is  the  exception/elinination  (rejection)  of  the 
concentrated  interferences  at  the  input  of  receptor. 
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Thus,  the  requirements  for  the  reticence  of  broadbani 
transmission,  high  authenticity  of  the  transmitted 
report/communication  and  high  speed  of  transmission  of  information 
are  contradictory.  This  contradiction  substantially  grow/rises  when 

fadings  of  received  signals  are  present,  and  under  the  effect  in  the 
channel  of  the  coamunication/connection  of  the  concentrated 

Interference  s. 


The  provision  for  the  necessary  reticence  of  the  fact  of  the 
transmission  of  information  can  be  reached  in  the  vork  of  broadband 
systems  only  by  the  complex  of  actions,  including  by  fight  with  the 
concentrated  interferences,  deceleration  of  the  transmission  of 

information,  etc.  In  this  plan/layout  sufficiently  effective  can  he 
the  application/use  in  the  broadband  system  of  the  channel  of 
feedback,  which  controls  the  level  of  the  necessary  energy  of  signal 
in  accordance  with  the  state  of  the  information  circuit.  Let  us  note 
also  that  the  detection  of  broadband  transmission  can  be  very 
hinder/hampered  also  in  the  case  of  q > 1,  if  is  a priori  unknown  the 
level  of  fluctuating  noises  in  channel.  Therefore  in  cases  when  the 
considerations  of  economic  order,  weight  and  overall  sizes  of 
equipment  and  others  are  not  prevailing,  the  reticence  of  the 
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broadband  transaission  can  be  provided  for  by  neans  of  nasking  by 
broadband  signal*  carrier  of  inforaation  and  eaitted  during  long  time 
r*  signal*  carrying  information  during  sufficiently  short  time 
interval  r'  <<  t. 


Page  272. 


CONCLUSION. 


The  examined  in  the  book  fundamental  special 
feature/peculiarities  and  the  advantages  of  broadband  radio 
coaaunication  have  important  practical  value*  Baking  it  possible  to 

actively  resist  the  difficulties*  which  appear  as  a result  of 
multiple- pronged  propagation*  closeness  in  ether/ester  also  of  the 

organized  radio  jammings. 


At  the  same  time  it  will  incorrect  to  assert  that  the  further 
per  feet ion/improvement  and  the  development  of  broadband  systems  are 
the  fundamental  and  only  development  trend  of  radio  communication. 
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It  is  necessary  to  keep  in  Bind,  that  even  so  in  principle  the 
use  of  broadband  signals  is  completely  consistent  with  narrow-band, 
all  the  same  question  of  the  sinultaneous  use  of  those  and  other 
systems  in  one  frequency  range  and  especially  within  the  limits  of 
one  object  of  communication/connection  (ship,  aircraft,  etc.)  runs 
into  serious  difficulties.  These  difficulties  are  caused  first  of  all 
by  the  interferences,  which  create  broadband  systems  by  the  near 
arranged/located  receptor  in  an  entire  emission  band  of  broadband 
tra  nsmitte  r. 


The  questions  of  the  organization  of  communication/connect  ion 
and  rational  distribution  of  frequency  range  in  the  case  of  the 
simultaneous  use  of  those  and  other  systems  still  require  deep 
studying.  Are  not  completely  solved  also  the  questions  of  the 
organization  of  the  work  cf  the  grid/network  of  the  broadband  radio 
stations,  which  use  principle  of  address  radio  communication  in  VHF 
range. 


the  major  advantages  of  broadband  communicating  systems  are 
reveal/detected  most  completely  when  using  signals  with  large  base. 
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Therefore  it  is  clear  that  the  tendency  to  obtain  the  maximum  gain 

from  broadband  systems  to  a considerable  degree  contradicts  the 
tendency  of  an  increase  in  the  velocity  of  the  exchange  of 
information.  This  determines  the  advisability  of  using  broadband 
systems  when  the  speed  of  transmission  of  information  is  not 
decisive,  but  the  correctness  of  its  reception  under  conditions  of 
channel  with  the  strongly  changing  parameters  plays  an  especially 
important  role. 


let  us  note  also  the  fact  that  the  broadband  communicating 
systems  can  be  seriously  improved  in  the  case  of  their  supplement 
stable  working  channel  of  feedback.  In  this  case  appears  the 
possibility  of  operational  effect  on  the  parameters  of  the 

transmitted  signal  (for  example,  the  speed  cf  transmission  of 
information)  depending  on  the  state  of  channel  and  which  is 

especially  important,  the  dynamic  control  of  radiated  power.  This 
undoubtedly  will  ensure  an  essential  decrease  in  the  interferences 
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and  will  raise  possibilities  in  the  relation  to  an  increase  in  the 
naaber  of  simultaneously  working  and  jaioaing  stations  in  the  limited 
section  of  range.  However,  this  use  of  a channel  of  feedback  is  very 
expedient  for  all  other  radiolink  systens. 


The  exaained  broadband  systems  in  a number  of  cases  is  realized 
somewhat  more  complex  than  widespread  narrow-band  systems.  One  of  the 
promising  trends,  which  simplify  their  realization  and  which  make  it 
possible  sufficiently  it  is  simple  to  solve  the  questions  of 

formation  and  decoding  of  signals,  is  the  application/use  widespread 
cell/elements,  utilized  in  the  technology  of  electronic  computers. 


Page  274. 
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